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Below are listed abbreviations used commonly in this thesis. 
AT adipose tissue IC iliac crest 
AVAT abdominal visceral adipose LCM lower costal margin 
tissue 
LDL low-density-lipoprotein 
CT computed tomography 
LDL-C low-density-lipoprotein-
DM diabetes mellitus cholesterol 
DOD dome of diaphragm LSI lower sacro-iliac joint 
DXA dual energy x-ray MID mid-level between lower 
absorptiometry costal margin and iliac crest 
FFA free fatty acid MRI magnetic resonance imaging 
FOV field of view NIDDM non-insulin dependent 
diabetes mellitus HDL high-density-lipoprotein 
PAI plasminogen activator 
HT hypertension inhibitor 
HU Hounsfield Unit (equivalent pe predictive equation 
to CT number) 
xi 
Abbreviations 
PS pubic symphysis VOI volume of interest 
ROI region of interest Vs subcutaneous adipose tissue 
volume 
SAT subcutaneous adipose tissue 
VSR visceral to subcutaneous 
sd standard deviation adipose tissue ratio 
TAT total (visceral and Vx total adipose tissue volume 
subcutaneous) adipose tissue 
VTR visceral to total adipose 
UMB umbilicus tissue ratio 
USI upper sacro-iliac joint Vv visceral adipose tissue 
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Below are listed mathematical symbols used commonly. 
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5„ = overall visceral to subcutaneous adipose tissue ratio throughout the volume 
A/ = visceral to total adipose tissue ratio in /''' slice / level 
xii 
AJybreviations 
Ap = overall visceral to total adipose tissue ratio throughout the volume 
AAVi = intraabdominal visceral adipose tissue area in 产 slice (used only at the 
region ofdiaphragm) 
Asi = subcutaneous adipose tissue area in /''' slice / level 
Aji = total adipose tissue area in i"' slice / level 
Avi = visceral adipose tissue area in i"' slice / level 
ATvi = thoracic visceral adipose tissue area in 产 slice / level 
n = number ofslices involved 
s = slice spacing 
t = slice thickness 
V^v = intraabdominal visceral adipose tissue volumefrom DOD to PS 
Vs = subcutaneous adipose tissue volumefrom DOD to PS 
Vr = total adipose tissue volumefrom DOD to PS 
Vv = visceral adipose tissue volumefrom DOD to PS 
xiii 
List ofFigum 
LIST OF FIGURES 
Figure Page 
1.1 The distribution of fat in the body, (a) Schematic diagram 4 
showing the deposition of fat into subcutaneous and visceral 
compartments, (b) CT image at the lower costal margin level 
1.2 Flow chart showing the possible mechanisms behind the 9 
association between visceral fat depot and diseases 
5.1 Diagram showing the measurement ^ , Sp,知 and S[ (a) at the 39 
XIP, LCM, IC and PS level; and (b) at the UMB level 
5.2 Diagram in showing the measurement Rp.^, R .^R, R .^R and R.R at 40 
around the right kidney 
5.3 Diagram in (a) transverse plane at UMB level (or IC level) 42 
showing the measurements Qc-uMB-R, & Qs-uMB-R (or Qc-ic-R & Qs-
ic-R)', and in (b) para-sagittal plane showing the measurement QA. 
R 
6.1 Schematic diagram showing the calculation of the total adipose 45 




7.1 Scatter plot of SAT and VAT volumes against TAT volume and 53 
their trendlines (a) in 20 subjects; (b) in subjects of age over 50; 
(c) in female subgroup & (d) in male subgroup 
7.2 Mean fat (AT) areas measured at various anatomical levels, over 55 
the 20 subjects. The measurements of VAT and AVAT are the 
same except at the DOD and XIP levels 
7.3 At various anatomical levels, (a) mean TAT areas; (b) mean SAT 59 
areas; & (c) mean VAT areas measured in male and female 
subgroups 
7.4 At various anatomical levels, (a) mean TAT areas; (b) mean SAT 60 
areas; & (c) mean VAT areas measured in the selected 5 male 
and 5 female subjects with matched total TAT volumes 
8.1 Line fit plot of the overall VSR vs. the predicted value from the 84 
calculation 
8.2 Comparison of VSR at various anatomical levels measured by 86 
both attenuation intervals 





8.4 Comparison of VTRs at various anatomical levels measured by 92 
both attenuation intervals 
8.5 Histogram showing the (a) VSR; & (b) VTR of the female and 97 
male subgroups 
8.6 Histogram showing the (a) VSR; & (b) VTR measured in the 98 
selected 5 male and 5 female subjects with matched total TAT 
volumes 
8.7 The scatter diagram of overall VSR plotting against the age of 102 
subject in male and female subgroups 
8.8 The scatter diagram of overall VTR plotting against the age of 103 
subject in male and female subgroups. 
xvi 
List ofTabks 
LIST OF TABLES 
Table Page 
1.1 Morbidity of obesity 6 
1.2 Mortality risk in obesity, comparing the risk of those 40% or 7 
more over-weight with those ideal weighted 
2.1 Typical CT numbers for various tissues in abdomen without 15 
contrast medium (Gamberg R 1997) 
5.1 Age distribution of the 20 subjects 32 
7.1 Summary of overall abdominal AT volumes measured 51 
7.2 The AT volumes of 5 male and 5 female subjects with matched 52 
adiposity 
7.3 Anatomical level with most fat deposited in the overall study 57 
population 
7.4 Anatomical level with most fat deposited in the 5 male and 5 61 




7.5 Correlation matrix showing the correlation coefficient between 62 
the AT volume and the AT area at various anatomical levels 
7.6 Correlation of SAT thickness at various levels with the overall 67 
AT volume 
7.7 Correlation of VAT thickness at various levels with the overall 69 
AT volume 
7.8 Correlation matrices between AT volume (VV, Vs & V^ 4v^ ), sex and 73 
age 
7.9 The correlation coefficient , gradient and y-intercept of the 74 
trendline ;y = ax + h when VAT areas of various levels (y) were 
plotted against the age (x) of subjects 
0 7.10 Summary of the R value of the regression between AT volumes 76 
and age in linear, quadratic and exponential models in the study 
population 
7.11 Summary of the R^ value of the regression between VAT areas 77 
and age in linear, quadratic and exponential models in the study 
population 
7.12 AT volumes measured by both attenuation intervals, and the 79 




The numbers inside the blankets were their relative values 
7.13 Comparison of predictive equations for AT volumes form LCM 80 
and IC levels, in both attenuation intervals 
8.1 Statistical summary of measured VSR 81 
8.2 Correlation coefficients, R of the overall VSR with the VSR of 82 
various anatomical levels 
8.3 Predictive equations of the overall VSR 83 
8.4 Mean VSR of overall sample volume and in various anatomical 85 
levels measured at both attenuation intervals, and their relative 
values (inside blankets) with respect to the ‘-190HU to -30HU' 
interval 
8.5 Correlation coefficients of the overall VSR with the VSR of 87 
different anatomical levels, measured at both attenuation 
intervals 
8.6 Predictive equations of the overall VSR for both attenuation 87 
intervals 




8.8 Correlation coefficients, R, of the overall VTR with the VTR of 89 
various anatomical levels 
8.9 Predictive equations of the overall VTR 90 
8.10 Mean VTR of overall sample volume and in various anatomical 91 
levels measured at both attenuation intervals, and their relative 
values (inside blanket) with respect to the '-190HU to -30HU' 
interval 
8.11 Correlation coefficients of the overall VTR with the VTR of 93 
different anatomical levels measured by both attenuation 
intervals 
8.12 Predictive equations of the overall VTR for the attenuation 94 
interval -190HU to -30HU and -250HU to -50HU 
8.13 Correlation matrices between overall VSR (5"), overall VTR 99 
(A,；), AT volume (W, Vy & V"s), sex and age 
^ 
8.14 The correlation coefficient, R‘ for the linear and quadratic 104 
trendlines of overall VSR and VTR in the overall sampled 




The increased incidence of diabetes mellitus, dyslipidemia, cardiovascular 
diseases and hypertension, as well as the increased risk and poorer prognosis of 
several cancers are resulted in obesity. Individuals with increased visceral fat depots 
or visceral obesity form a high risk subgroup of the population. There are many 
research efforts in the quantification of the abdominal fat composition (amount and 
distribution) and the evaluation of its relationship with various clinical conditions. 
Computed tomography (CT) has been the gold standard for body fat measurement 
because of its high accuracy and reproducibility. Measurement of visceral fat has 
been performed using a limited or single CT slice to reduce the radiation dose and to 
improve the efficiency. However, the selection of the slice position: at the level of 
umbilicus, lower costal margin, iliac crest or 4* -^5'^  lumbar vertebral level have been 
arbitrary and there is no universal agreement on the best slice level to be selected. A 
knowledge of the degree of agreement a particular single slice or combination of 
slices has with the total amount and distribution of abdominal fat would be most 
important in guiding slice selection. In this study, 20 subjects who received CT 
examinations of the entire abdomen were investigated to determine the best level for 
single slice measurement of abdominal fat. Fat area (total, subcutaneous and 
visceral) measured at the lower costal margin (LCM) level was found to correlate 
best with (R">0.935, p<0.0001) and predict most accurately the adipose tissue 
xxi 
Abstract 
volume of the entire abdomen. The second best level was at the iliac crest (IC) 
(R^>0.900, p<0.0001). Combining the results of both levels further improved the 
correlation (R^>0.954). The fat volume also showed significant correlation with and 
could be predicted from site specific linear fat dimensions. Furthermore, the adipose 
tissue distribution in the visceral and subcutaneous compartments of the entire 
abdomen, in terms of visceral to subcutaneous fat ratio (VSR) and visceral to total 
fat ratio (VTR) also showed significant correlation with and could be predicted from 
the fat area measured at either the LCM level (R->0.890, p<0.0001) or IC level 
(R^>0.852, p<0.0001). Combining the results of both levels further improved the 
correlation (R^>0.969). Sex and age differences of fat accumulation were also found. 
Men deposited fat preferentially in the visceral compartment; and their VSR, VTR 
and visceral fat content increased linearly with age. On the other hand, women 
deposited fat predominantly in the subcutaneous compartment; and their VSR, VTR 
and visceral fat content increased non-linearly and an acceleration with age was 
shown. On using CT for abdominal fat measurement, proper selection of attenuation 
interval for fat was an important factor for accurate measurement of the absolute fat 
content. However, this had minor influence on the measured VSR or VTR, and no 
effect on the choice of the best level. (461 words) 
Keywords: adipose tissue, visceral, subcutaneous, volume, distribution, sexand age 


















( R ^ > 0 . 9 3 5 , p < 0 . 0 0 0 1 )，並能最準確推測整個腹部的脂肪 
量；其次位置則爲骸脊（ R 2 � 0 . 9 0 0， P < 0 . 0 0 0 1 )；如結合兩 
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Chapter 1: Obesity <& Rebted Abnormalities 
C h a p t e r 1 
OBESITY & RELATED ABNORMALITIES 
1.1 Adipose Tissue 
Adipose, or fat tissue, lacks a matrix and contains a few of all types of fibres 
and large numbers of adipocytes or fat cells. An adipocyte contains a large, central, 
fat-filled vacuole which pushes its nucleus and cytoplasm to the perimeter of the 
cell. Adipocytes are scattered through loose connective tissue and are also found 
aggregated into separate tissues in several locations, including the subcutaneous 
layer and around the organ inside the visceral cavity. In addition to functioning as 
protective padding, adipose tissue (AT) also insulates the body against heat loss and 
serves as a storage depot for fat that can be metabolised to produce energy. AT is a 
metabolically active tissue. When fat is deposited into AT, there is an increase in the 
sizes of the adipocytes, and then the number of the cells (Creager JG 1983a). 
When digested lipids - including triglycerides, phospholipids, and cholesterol 
-are absorbed at the intestine, they will be transported into the blood stream via the 
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lymphatic vessels and bypassing the liver. They are then carried to the tissues, 
particularly AT. Under the activation of insulin in blood, the lipoprotein lipase 
enzyme converts these lipids into fatty acids and other products which enter the 
adipocytes. Glucose, under the action of insulin, also enters the adipocytes and is 
converted to glycerol. Inside the adipocytes, the glycerol and fatty acid are combined 
to form triglycerides. 
Lipids are stored primarily in AT, the adipocytes of which can store 
triglycerides in amounts equivalent to 80 to 95% of the cell volume (Creager JG 
1983b). The mass of triglycerides in an adipocyte depends on the balance between 
triglycerides influx and fat mobilisation which is regulated by metabolic processes 
under hormonal and nervous system control. The product of fat mobilisation, free 
fatty acid (FFA) and glycerol are then released into the circulation (Kopelman et al. 
1997). 
1.2 Classification of Adiposity 
Adiposity, or fatness can be classified by 2 measurements, the amount and 
the distribution. 
On one hand, fatness can refer directly to the total fat content in the body. On 
the other hand, as fat can be deposited in different locations of our body, fat 
3 
Chapter 1: Obesity <& Kekted AbnormaMes 
distribution is another measurement of the adiposity. Fat can be stored superficially 
at the subcutaneous layer or deeply into the visceral cavity (Figure 1.1). 
(a) 
^^___^^T^ Subcutaneous^^^ 
P ^ n < r 7 ^ z ~ ^ � 
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Figure 1.1 The distribution of fat in the body, (a) Schematic diagram showing 
the deposition of fat into subcutaneous and visceral compartments, (b) C T 
image at the lower costal margin level. The pixels within the attenuation 
interval of fat were highlighted by green colour; and the subcutaneous and 
visceral compartments were divided by a red line. The yellow line traced out 
the region of interest measuring the total A T (TAT) area. 
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Although using different terms, two types of fat distribution have been 
essentially classified: (Janjic D 1996; Yanez M et al. 1995) 
1. Visceral predominant type - also called abdominal, male, android, superior or 
apple-shaped 一 Fat is predominantly accumulated in the intraabdominal cavity. 
Visceral fat accumulation is more likely a cardiovascular risk factor and 
associated with metabolic abnormalities (insulin resistance, arterial hypertension 
and dyslipidemia); diabetes due to both genetic and environmental factors; 
dysregulation of adrenocortical and sexual steroids or a global derangement of 
stress mechanisms. 
2. Subcutaneous predominant type - also called gluteo-femoral, female, 
gynecoid, inferior or pear-shaped — Fat is predominantly accumulated in the 
subcutaneous layer in the lower part of the body (hips and thighs). 
1.3 Obesity 
Obesity is an excess of body fat. When energy input from nutrients is greater 
than energy output, weight gain in the form of fat may take place. Body weight is 
ultimately determined by the interaction of genetic, environmental and psycho-social 
factors acting through the physiological mediators of energy intake and expenditure 
(Jebb SA 1997). 
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Obesity is notjust a health risk but a disease (Jung RT 1997). It is associated 
with the development of some of the most prevalent diseases (Table 1.1) of modern 
society with increased risk of mortality (Table 1.2). 
Table 1.1 Morbidity of obesity 
Metabolic Endocrine 
Dyslipidemia Hypogonadism in male 
Insulin resistance Hyperandrogenicity in female 
NIDDM Reduced growth hormone 
Cardiovascular Malignancy 
Hypertension Colorectal cancer 
Coronary heart disease Prostate cancer 
Cerebrovascular disease Breast cancer 
Atherosclerosis Endometrial cancer 
Gastrointestinal Cervical cancer 
Fatty liver and cirrhosis Orthopaedic 
Gallbladder / biliary diseases Osteoarthritis 
Respiratory Pregnancy 
Sleep apnoea Obstetric complications 
No doubt remained that obesity is associated with an increased prevalence of 
cardiovascular risk factors such as hypertension (HT), lipid disturbances or 
dyslipidemia, and non-insulin dependent diabetes mellitus (NH)DM). The risk 
factors are improved by weight reduction. The prevalence and mortality ratios are 
also increased for colorectal and prostate cancer in obese males and for gall bladder, 
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cervix, endometrial, ovarian, and breast cancer in obese females. Moreover, obesity 
is related to cardiac dysfunction, pulmonary problems, digestive diseases, endocrine 
disorders, obstetric, orthopaedic and dermal difficulties, as well as social and 
psychological dysfunction. 
Table 1.2 Mortality risk in obesity, comparing the risk of those 40% or more 
over-weight with those ideal weighted 
Diseases Males Females 
Diabetes mellitus 5.19 7.90 
Digestive diseases 3.99 2.29 
Coronary heart disease 1.85 2.07 
Cerebral vascular disease 2.27 1.52 
Cancer: all sites 1.33 1.55 
Cancer: colorectal 1.73 
Cancer: prostate 1.29 
Cancer: gallbladder / biliary 3.58 
Cancer: endometrial 5.42 
Cancer: cervix 2.39 
Cancer: ovary 1.63 
Correct classification of obesity and its subgroups is also of great importance. 
Visceral obesity, i.e. excessive fat depot in the visceral cavity, constitutes one 
subgroup at high risk. It seems possible to link diabetes, hypertriglyceridemia, 
reduced fibrinolysis, and hypertension to elevated portal free fatty acid 
7 
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concentrations because of an increased visceral adipose tissue (VAT) depot. Figure 
1.2 summarises the possible mechanism for the association between VAT depot and 
the related diseases (Sjostrom L 1992). 
Owing to the close relation between visceral fat, especially intraabdominal 
fat deposition and the associated abnormalities, there are some terms, which are 
quite similar in nature, used for the description of these pathological or pathogenic 
phenomena. 
1. ‘Syndrome X，- describes a clustering of cardiovascular risk factors and 
metabolic abnormalities include arterial hypertension, high level of fasting 
triglycerides, low-density-lipoprotein-cholesterol (LDL-C), glucose and insulin 
(NIDDM), as well as less favourable fat deposition and lower high-density-
lipoprotein (HDL) (Janjic D 1996). 
2. 'Visceral fat syndrome，- describes a highly atherogenic state which includes 
visceral fat accumulation, glucose intolerance, insulin resistance, 
hyperlipidaemia, and hypertension (Yamashita S et al. 1996). 
3. ‘Insulin resistance syndrome，(Tokunaga K et al. 1996). 
4. “Metabolic syndrome' (Bjorntrop P 1991; Kopelman et al. 1997). 
8 
Chapter 1: Obesity <& Rebted Abnormalities 
广 T V A T ^ d e p o P j 
T portal FFA 
concentration 
i i \ 
i hepatic insulin t hepatic t VLDL 
clearance gluconeogenesis secretion 
^ - ^ , I 
FFA-induced 
insulin i peripheral hyperinsulinemia _, 
resistance glucose uptake 
I ^ 
i glucose tolerance • • ^ 
(glucose intolerance)| T sympathetic T sodium 
，^  tone reabsorption 
: N I D D M ] ‘ I � 
——：^ H y p e r t e n s i o n � 
T glucose v ^ ^ ^ ^ , _ ^ ^ ^ ^ ^ ^ ^ concentration 
^ ^ ^ L _ _ _ I ^ I 
i removal LDL & hypercholesterolemia， TVLDL 
VLDL due to hypertriglyceridemia & ~ ~ • concentration glucosylation i HDL cholesterol levels ^ 
1 I ' i 
TPAI-lactivity, & 
/ V i fibrinolytic activity Dyslipidemia | ^ 
Myocardial infarction ^ 
Figure 1.2 Flow chart showing the possible mechanisms behind the association 
between visceral fat depot and diseases. 
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From the finding of previous studies (Sjostrom L 1992; Zamboni M et al. 
1994; Tchernof A et al. 1996; Yamashita S et al. 1996), the above mentioned obesity 
related disorders and diseases are more related to the fat distribution than the amount 
of adipose tissue. Obese subjects with a large VAT depot are at a particularly high 
risk. However, a preponderance of VAT might be related to an even higher risk in 
lean subjects. Visceral fat accumulation is unfavourable. 
To understand, treat and prevent obesity and the related diseases, it is useful 
to quantify the adiposity - its amount and distribution — and correlate the 
measurements with the clinical data of the diseases. Therefore, body fat 
measurement is an essential topic in the present medical world. 
10 
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Chapter 2 
MEASUREMENT OF BODY FAT 
2,1 Methods of measuring body fat content 
Methods of estimating body compositions are of 2 kinds: describing the 
chemical composition of the body, or describing the anatomical distribution of its 
tissues. In each case, the techniques used can be destructive or non-destructive. 
For studies with experimental animals, killing and then carcass dissection, 
chemical analysis or both, frequently provide the most cost-effective means to gain 
the required information. 
However, these in vitro method still have the ethical limitation in the 
application even on human cadavers. Non-destructive, in vivo methods should be the 
only choice for the studies on living human subjects, and for the sequential studies of 
the same subject (human or non-human) (Fuller MF et aL 1994). 
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2.1.1 Non-imaging methods 
The AT volume can be evaluated from densitometry, underwater weighing, 
whole body conductivity or bioimpedence, whole body potassium counting by 
potassium 40 (K^®), whole body water measurement by deuterium or tritium dilution 
(Kvist H et aL 1986; Fowler PA et aL 1991). These methods of measuring the 
overall adiposity are all based on the questionable assumptions about constancy of 
body composition within the fat and lean compartments. 
The anthropometric method is a widely used site-specific technique. It 
estimates body fat from the measurements of selected lengths and circumferences. 
The most important of these are measurements of skinfold thickness, and indices 
relating weight to height. This method is inexpensive, fast, and non-invasive, 
although its reliability and accuracy have been questioned (Grauer V^Oet aL 1984). 
Another explored method is dual energy x-ray absorptiometry (DXA). This 
method is able to measure the regional fat distribution. Differentiation of abdominal 
VAT from subcutaneous adipose tissue (SAT) with DXA alone is still not possible 
(Jensen MD etaL 1995). 
Each of these methods has its assumptions and limitations. They may be 
useful for testing and improving the assumptions in the other methods. None of them 
can yet be regarded as a satisfactory reference technique of assessing body 
composition. 
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2.1.2 Imaging methods 
2.1.2.1 Plain radiograph 
Before the sectional imaging techniques were available, conventional soft 
tissue radiographs were once used to depict fat thickness, but problems of radiation 
exposure, subject positioning and magnification occurred. It was also difficult to 
interpret the small attenuation difference between fat and soft tissues on a 
conventional radiograph. Although configurations of physique and fat distribution 
are of topological interest and may have clinical implication, site-specific 
measurements are generally used to predict total body fat content. This technique is 
now obsolete for body fat measurement (Borkan GA et al. 1982). 
2.1.2.2 Ultrasound 
Ultrasound is the oldest and most familiar sectional imaging technique in 
measuring the regional fat distribution. Tissue boundaries reflect ultrasound, 
providing an image that is readily interpretable by a trained operator. Owing to its 
limited field of view (FOV) and penetration, it can only serve as a sub-optimal 
method for body fat measurement. Calibration from other reference technique is 
required for an accurate determination of the local fat content by ultrasound 
(Armellini F et al. 1993). Its high operator-dependency has been criticised for poor 
13 
Chapter 2: Measurement of Boc^' Fat 
reproducibility. However, it has the advantages of hazard-free, low cost and high 
equipment mobility (Fuller MF et aL 1994). 
2.1.2.3 Computed tomography 
Computed tomography (CT) is an excellent tool for quantifying AT area on 
transaxial scan through the body. Thin cross-sectional, radiographic image can be 
obtained at any body level and it offers the possibility of combining site-specific and 
whole body methods of measuring fatness. The FOV is always large enough to cover 
the whole sectional area of the human body which enables easier anatomical 
compartmentalisation. CT is much more sensitive to slight differences in attenuation 
than conventional radiography and therefore depicts the fat, soft tissue and bone in 
great clarity. As in conventional radiography, AT has lower attenuation than other 
tissues and has a distinct appearance on the CT image (Table 2.1). Because CT scans 
are computer reconstruction of thousands of separate determinations of attenuation, 
the data can be analysed statistically using the CT post-processing software. The 
software enables the area measurement of tissue within specific attenuation ranges in 
a chosen anatomical region of interest. A number of formerly impossible 
measurements can be made, including the AT areas and the combination of areas 
from successive sections to compute AT volumes, bi the abdomen, this feature 
permits the differentiation of VAT and SAT area (Borkan GA et aL 1982). 
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Table 2.1 Typical CT numbers for various tissues in abdomen without contrast 
medium (Gamberg R 1997) 
Tissue type Approximate CT number (HU) 
Air -1000 
Fat -134 to -90 
Water 0 
Blood 11 to 17 
Muscle 39 to 56 
Liver 45 to 78 
Bone 168 to 1120 
As agreed by many researchers, CT offers prerequisites for a high 
reproducibility and accuracy. With a proper attenuation interval of AT and a correct 
mathematical model, CT is also a highly accurate method to determine the AT 
volume. It is widely accepted as the reference technique (the gold standard) for 
measurement of AT and body compositions (Kvist H et al. 1986; Armellini F et al. 
1994; Theate FL et aL 1995). Furthermore, the advance of technology — helical scan 
enables the CT scan of the whole abdomen to be done in a single breath hold. This 
avoids mis-registration of anatomy between slices and allows a more accurate 
volumetric measurement. 
However, CT technique is expensive and it involves the use of ionising 
radiation. Consideration should be made for its research applications. 
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2.1.2.4 Magnetic resonance imaging 
Magnetic resonance imaging (MRI) is an even newer imaging modality. It 
can quantify AT area from the sectional images throughout the body, and offers both 
site-specific and whole body methods of measuring adiposity, as CT does. Although 
the MRI images look similar to CT, the principles and techniques are entirely 
different. The hydrogen nuclei of water and fat molecules are excited by the 
electromagnetic wave in the presence of strong magnetic field, resulting in a 
detectable signal. The magnitude of the signal and the subsequent relaxation to the 
ground state are measured. Magnetic gradients are applied to spatially define this 
information from the body. The amount of water and fat, and their freedoms of 
motion determine the signal size and characteristics. The tissue contrast obtained 
permits discrimination between tissues and the production of interpretable images of 
slices through the body (Fowler PA et al. 1991). 
The image geometry of MRI is more or less the same as CT. It involves no 
radiation hazard and provides an even better tissue contrast discrimination. 
Therefore, MRI has been adopted as another reference technique for measurement of 
AT and body compositions (Abate N et al. 1997). 
However, the potential long term effect of high magnetic field and gradient is 
still unknown. MRI may be contraindicated in certain conditions, e.g. medical 
implants and metallic foreign bodies. Its cost is even higher than CT. 
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Furthermore, owing to the long scanning time for the developed techniques 
on fat measurement, artefacts due to breathing and bowel movement contaminate the 
MRI images and may affect the accuracy of the measurement (Seidell JC et al. 
1990). Studies on the comparison of CT and MRI showed that SAT area measured 
from MRI gave a good agreement with CT, but it underestimated the VAT area as 
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C h a p t e r 3 
PURPOSE OF STUDY 
3,1 Objectives 
The 5 objectives of this study are: 
1. To measure the visceral and subcutaneous AT from diaphragm 
to pubic symphysis, in terms of fat volume and their proportion 
in distribution 
2. To determine the anatomical level of the AT area measurements 
that best correlate with the measured overall AT volume and 
overall AT distribution of fat 
3. To determine the site specific linear AT measurements that best 
correlate with the measured overall AT volume and overall AT 
distribution 
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4. To investigate these measurements for any sex and age 
differences 
5. To investigate the effect of attenuation interval used on these 
measurements 
Explanation 
There has been much research effort in the quantification of the abdominal fat 
composition (amount and distribution) and the evaluation of its relationship with 
various clinical conditions. The quantification has been improved due to the 
advancement of imaging technique in the recent two decades with the wider 
availability of computed tomography (CT). However, the known radiation risk of CT 
has limited its research applications on human subjects. 
As discussed in the Chapter 1，the intraabdominal fat accumulation is the 
major concem in studying obesity and the related abnormalities. The precise 
measurement of intraabdominal fat can be achieved by scanning the entire abdomen 
and measure the fat volume of the whole abdomen. However, this approach is not 
practical in both ethical and cost-effective aspects. 
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3.2.1 Best level of A T area measurement 
The alternative approach would be to carry out the study employing simpler 
AT measurements. The scanning of a small number of representative sections and the 
measurement of representative compartments would decrease the amount of radiation 
used and allow a less cumbersome measurement. For example, it would be most 
simple to measure the AT on a single CT slice, which is calibrated to have similar 
accuracy in representing the overall adiposity as the whole body AT volumes. The 
most important issue before this should be done is to find out the slice level which 
best correlates with the overall AT volume. The overall adiposity or the AT volume 
then can be predicted from measurements on this best level slice(s). This can 
improve the efficiency and reduce the radiation dose to the subjects. 
In many previous studies (Appendix I)，the researchers used the area 
measurements collected from a single CT slice at the level of umbilicus or 4出 to 5出 
lumbar vertebra to correlate with the clinical data. Although significant correlation 
was demonstrated between the clinical data and the AT area measurement, the reason 
for the choice of the level was not fully explained. Could this level best represent the 
overall adiposity? Some researchers used the multiscan method to calibrate the best 
slice. However, not more than 7 discrete slices (12mm thickness, few centimetres 
apart) were taken from the level of diaphragm to pubic symphysis. The fat volume 
calculation in between the slices was based on a mathematical assumption. The 4^ ^ to 
5th lumbar vertebral level was then found to be the best level (Kvist H et aL 1986). 
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Will the findings be the same if the experiment is done with a continuous 
sampling in the same region by more than 22 slices (lOmm thickness, 0 or 5mm 
interscan space) ？ This study will find out the level, with identifiable landmark, 
which can best represent the overall abdominal adiposity. As adiposity not only 
means the amount of fat, but also the way fat is distributed (viscerally or 
subcutaneously), both aspects will be evaluated. The distribution will be quantified 
by studying the visceral to subcutaneous AT ratio (VSR) and the visceral to total AT 
ratio (VTR) 
3.2.2 Linear A T dimension 
Similarly, the overall AT volume may be also predictable from some linear 
fat dimensions, i.e. the thickness or length of fat depot at a specific location. 
Measuring distance is always easier than measuring area. Another aim of this study 
will be to find out the linear fat dimensions which best represent the overall 
abdominal adiposity. 
3.2.3 Sex and age differences 
Both sex and age differences in adiposity were found in the previous studies 
using anthropometric method, or single slice CT method (Dixon AK 1983; 
Baumgartner RN et aL 1988; Seidell JC et aL 1988; Lemieux S et aL 1993). Will the 
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same result be shown in this study using a continuous and complete sampling on the 
abdomen? If it does, will the pattern of differences be the same in both the amount 
and distribution of fat? 
3.2.4 Difference in attenuation interval of fat 
The mean attenuation of AT was found to be -105 ±10 HU by Kvist H et al. 
(1986). However, the attenuation of fat was heterogeneous and is slightly different 
from individual to individual. Moreover, because of the beam hardening effect; as 
well as the partial volume effect, an interval of attenuation values representing 
adipose tissue should be used instead of a distinctive value. 
The attenuation intervals of adipose tissue used by different researchers were 
different (see p.29-31 for details). A proper attenuation interval for adipose tissue is 
important in an adipose tissue measurement study. The attenuation interval -190 to -
30 HU is used to represent AT in this study. And one more interval, -250 to - 5 0 HU 
is employed to see the effect of choosing a different attenuation interval on the AT 
measurements, although it was beyond the scope of this study to test which fat 
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Chapter 4 
TECHNICAL CONSIDERATIONS ON 
C T TECHNIQUE 
At present, computed tomography (CT) is considered the gold standard for 
body fat measurement because of its high accuracy and reproducibility (van der 
Kooy K et al 1993; Theate FL et aL 1995). Some practical considerations on using 
CT as a tool of abdominal fat measurement should be observed. 
4.1 Defining Anatomy 
The distribution of abdominal fat can be classified to be subcutaneous, 
visceral, retroperitoneal, peritoneal, mesenteric and omental. However, CT has some 
limitation in delineating some of these boundaries. Therefore, their clear-cut 
differentiation becomes difficult or even impossible. 
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4-1.1 Abdominal visceral cavity 
The abdominal visceral cavity is equivalent to the intraabdominal cavity. 
4.1.1.1 Diaphragm 
The visceral cavity is divided into thoracic and abdominal by the diaphragm. 
The diaphragm is a dome-shaped structure between the thoracic and abdominal 
viscera, and pierced by the great vessels and esophagus. The right dome can be high 
up to 9th thoracic vertebral level whereas the crus can extend down to the 2"^ lumbar 
vertebral level. Although there is no difficulty in delineating the upper boundary for 
the abdominal visceral (intraabdominal) cavity, it will be difficult to decide whether 
the crus should be included. In this study, it is included. 
As the great vessels and esophagus traverse through the diaphragm, it is not 
easy to define the cut off point where these structures and the nearby fatty tissue are 
regarded as intraabdominal. The definition here is that they are intraabdominal once 
they were completely surrounded by soft tissue, instead of air. 
4.1.1.2 Pelvis 
In the pelvis, the intraabdominal cavity is bounded by the anterior abdominal 
muscles, pelvic muscles, the perineum and the bony pelvis. Precisely defining the 
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visceral or subcutaneous location of the adipose tissue lining in the spaces close to 
the pelvic muscles is difficult. In this study, the visceral boundary is defined by a 
smooth outline along the inner wall of the muscles. The iliac vessels leave the 
visceral cavity at the point intersecting the inguinal ligament which is not visible in 
CT images. Owing to the oblique alignment of the inguinal ligament, the vessels 
should intersect the ligament at the level halfway between the upper border of pubic 
symphysis and the anterior superior iliac spine of the pelvic bone. The vessels are the 
landmark in defining the location of AT. Below the intersecting point, the vessels 
become subcutaneous and are named as femoral vessels, and the nearby fatty tissue 
is regarded as subcutaneous. Above the intersecting point, these vessels and the 
nearby fatty tissue are regarded as intraabdominal. 
4.1.1.3 Boundary at mid-portion 
The boundary at the mid-portion of the intraabdominal cavity is the interior 
wall of the abdominal muscles and the bony structures, where the transverse fascia 
should be lying on (Figure l.lb). All muscles and bony structures are defined as 
subcutaneous structures. The definition adopted is similar to the studies by Borkan 
GA et aL (1982), Lemieux S et aL (1993) and Chowdhury B et aL (1994). However, 
in some previous studies, the boundary was delineated through the muscles 一 
through the rectus abdominis and internal oblique muscle, the quadratus lumborum 
muscles, down the plane of the apophyseal joints to the mid point of spinal canal 
(Dixon AK 1983). The reason behind was unclear, but the above mentioned 
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structures seemed to be defined as the boundary; and their fat contents were assumed 
to belong to the visceral cavity by half. 
4.1.2 Intra- and retro-peritoneal compartments 
In this study, the fat depot is divided into subcutaneous and visceral only, 
which is similar to other body fat measurement studies. Although there were some 
studies in which the adipose tissue was segregated into intraperitoneal and 
retroperitoneal compartments, the definition was solely based on approximations. 
For example, Baumgartner RN et al. (1988) defined the intraperitoneal or 
retroperitoneal location on slices including the kidneys, by drawing 2 diagonal lines 
from the anterior edge of inferior vena cava, tangentially across the anterior aspect 
each kidney to their intersection with the line circumscribing the intraabdominal 
cavity. Another example, Chowdhury B et al. (1994) defined the intraperitoneal 
compartment by outlining the intestinal area. 
It would be more accurate, especially when dealing with the correlation with 
clinical data if a compartmentalised measurement of visceral fat could be performed. 
According to Seidell JC et al. (1988 & 7990), the crucial adipose tissue associated 
with metabolic complications is probably the omental and mesenteric 
(intraperitoneal) fat the venous supply of which directly drains into the portal vein. 
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However, in the same article, he pointed out that there was no reliable way to make a 
distinction between retroperitoneal, mesenteric and omental fat from abdominal CT 
scan. There was no clear cut boundary for these compartments available in these 
axial images. 
The inability to obtain a precise separation of intraperitoneal and 
retroperitoneal fat is the reason for the choice of segregating the fat depot into 
subcutaneous and visceral only in this study. 
In Appendix II，summary of anatomical definition of compartments in several 
studies in fat measurement is given. 
4.2 Attenuation Interval of Fat 
The attenuation of fat was heterogeneous and is slightly different from 
individual to individual. Moreover, because of the beam hardening effect, and the 
partial volume effect inherent in the CT technique, an interval of attenuation values 
representing adipose tissue should be used instead of a distinctive value. 
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4.2.1 Distinctive pixel value vs. attenuation interval 
According to a previous study in adipose tissue measurement by CT (Kvist H 
et aL 1986)，the attenuation of fat is heterogeneous and is slightly different from 
individual to individual. The mean attenuation was found to be -105 ±10 HU. 
Furthermore, the mean attenuation of visceral fat was found to be slightly higher 
than subcutaneous fat. They were determined to be -104 ±5.3 HU and -107 ±7.7 
HU respectively. However, because of the partial volume effect between adipose 
tissue and other soft tissues on one hand and between adipose tissue and air on the 
other, an interval of attenuation values representing adipose tissue should be used 
instead of a distinctive value. 
Using an interval of attenuation values would alleviate the inaccuracy 
resulting from beam hardening effect which artefactally leads to a lower attenuation 
value of the soft tissue near bone from streak artefact. 
4.2.2 Choice ofinterval 
The attenuation intervals of adipose tissue used by different researchers were 
different. Kvist H et al. (1986) and Chowdhury B et aL (1994) used-190 to - 3 0 HU 
while Borkan GA et al. (1982) used -250 to - 5 0 HU, and Dixon AK et aL (1983) 
and Armellini F et al (1992) used -150 to —50 HU. In addition, some researchers 
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(Seidell JC et al. 1990) also suggested to adjust the interval for every individual. A 
proper attenuation interval for adipose tissue is important in an adipose tissue 
measurement study. According to the available information, interval -190 to - 3 0 
was determined through a series of published phantom experiments and histogram 
analysis (Kvist H et al. 1986). Moreover, in their recent publication (Chowdhury B 
et al. 1994) of a study in body composition estimation by CT scan, an accurate result 
was obtained by using the same choice of attenuation intervals. However, the details 
for the choice of fat intervals by other researchers were not given in their 
publication. Therefore, interval -190 to - 3 0 HU was adopted in this study. And one 
more fat interval, -250 to - 5 0 HU was employed to see the effect in choosing a 
different attenuation interval, although it was beyond the scope of this study to test 
which fat interval was better. 
In appendix II’ there is a summary of the attenuation intervals used for 
adipose tissue in several studies. 
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C h a p t e r 5 
DATA COLLECTION 
5.1 Subjects 
Twenty subjects who had routine CT scans of abdomen and pelvis in Prince 
of Wales Hospital were chosen during 1995 to 1996. Eleven of them were male 
while nine were female. Their ages were ranged from 17 to 82 with mean of51.8. 
Their age distribution is described in Table 5.1. 
Table 5.1 Age distribution ofthe 20 subjects 
Mean Median sd Min. Max. 
Male (n=11) 50.2 45 19.8 22 78 
Female (n=9) 53.8 53 19.2 17 82 
Overall (n=20) 51.8 50 19.1 17 82 
Owing to the radiation risk of CT, this study was not performed on normal 
volunteers. The subject population was a mixed group. A 43-year-old male and an 
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82-year-old female were found to be NIDDM patients. Each subject had a CT 
examination for a variety of suspected medical conditions. Although these subjects 
were not normal volunteers, they were free from gross abdominal diseases that might 
affect the distribution of fat. For example, those patients who had abdominal masses, 
intraabdominal collections, enlarged lymph nodes or post-surgery were all excluded. 
The availability of CT scans at the required anatomical levels, but not the degree of 
adiposity, was a criterion for selection. 
The population size was also limited by the considerable time for 
measurements. The sampled volume of each subject was obtained from contiguous 
CT slices and the number of slices was as many as 38 in tall subjects. Two 
attenuation intervals for AT were also measured respectively. The measurement time 
was about 5 hours on average for each subject. 
5.2 Acquisition 
All the scans were performed in recumbent position from the dome of 
diaphragm to the pubic symphysis with the GE Hi-Speed CT Scanner. The 
scanning parameters were: 
• Helical mode with pitch of 1.5 (16 subjects) or 1 (4 subjects) 
• 120 kV, 280 mAs and 1 second per tube rotation 
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• 10 mm slice thickness, 15 mm (16 subjects) or 10 mm (4 subjects) 
spacing reconstructed retrospectively 
• 48 cm SFOV (scan field of view) and reconstructed to 48 cm DFOV 
(display field of view) retrospectively 
• Standard algorithm 
• Breath hold or gentle breathing mode depending on the capability of the 
subjects 
Measurement 
The images were archived in MOD (magneto-optical disk) and retrieved to 
the Sun，s Workstation installed with an image post-processing software GE 
Advantage Window v.l.3.2, 
The scans of each subject were processed with MPVR (multi planner 
volumetric reformat), hi the MPVR environment, the 'X-sect' function can give the 
statistics and a plot graph of pixel value in HU (Hounsfield Unit) of a ROI (region of 
interest). At same time, the 'VOI' (volume of interest) function can be used to pick 
up the pixels with a range of HU (or attenuation interval). Through these functions, a 
ROI can be drawn to trace out just the visceral area or both the subcutaneous layer 
and the visceral core with a mouse. Then, the area occupied by adipose tissue in this 
ROI can be read out after applying the attenuation interval of fat. 
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5.3.1 A T area measurement 
The procedures of measuring the adipose tissue area were as below: 
1. In the MPVR processing environment, the 'VOI' function could be used to limit 
the upper and the lower thresholds of the pixel value displayed. In this study, 
both of the intervals -190 to - 3 0 HU' and ' -250 to - 5 0 HU' were applied 
respectively. On the other hand, the 'X-sect' function could display a line plot of 
pixel value distribution in percentage against the pixel value inside a ROI. 
Simple statistics including the maximum, minimum and mean pixel value, as 
well as the area of the ROI could also be read out. When both functions worked 
together, the area contributed only by the pixels within the prescribed attenuation 
intervals inside the ROI was read out. 
2. The total (subcutaneous and visceral) adipose tissue area, Ar, was measured, 
slice by slice, from the dome of diaphragm to the upper border of pubic 
symphysis. A ROI was drawn on the air to include the whole trunk and the 
mattress of the CT cradle on the original axial image (Figure l.lb). Owing to the 
curvature of the posterior surface of human body, it was more convenient to 
include the mattress in the ROI. The area read out in the 'X-sect' was the total 
adipose tissue area plus the area of mattress. The value was then corrected by a 
9 0 ‘ deduction of 3cm and 4 cnT respectively for intervals ‘-190 to - 3 0 HU' and ' -
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250 to - 5 0 HU' to cancel the contribution from the mattress. The amount of 
correction was obtained from a pilot experiment. 
3. To measure the visceral adipose tissue area, Av, a new ROI was drawn slice by 
slice at the wall of visceral (thoracic and abdominal) cavity. All bony and 
muscular structures were defined as subcutaneous. The readings for both 
intervals were recorded. 
4. The subcutaneous adipose tissue (SAT) area, As, was obtained by calculation as 
below: 
As=Ar-Ay 
5. At the diaphragmatic region, as the thoracic cavity was also seen in the images, 
VAT (visceral adipose tissue) area, Ay, was further divided into the abdominal 
VAT area, A^v, and thoracic VAT area,Ary. 
Ay=ATV + ^AV 
6. The slice number with the following anatomical landmarks were noted: 
• Dome of diaphragm (DOD): defined as the highest slice where the liver 
was seen 
36 
Chapter 5: Data Collection 
• Xiphoid (XIP): defined as the lowest slice where the xiphoid was seen 
• Lower costal margin (LCM): defined as the lowest slice where a rib was 
seen at the lateral aspect 
• Mid-level in between LCM and IC (MID): defined as the slice mid-way 
from the LCM and the IC. If the slices in between the 2 level were in 
even number, the MID level would be defined as the mid-way between 
the middle 2 slices. An average value would be taken from the fat area of 
the middle 2 slices. 
• Umbilicus (UMB): defined as the slice with deepest indentation at the 
middle of the anterior abdominal wall 
• Iliac crest (IC): defined as the highest slice where the iliac bone just 
extended to the latero-posterior aspect 
• Upper edge of sacral-iliac joint (USI): defined as the highest slice where 
the SI joint was seen 
• Lower edge of sacral-iliac joint (LSI): defined as the lowest slice where 
the SI joint was seen 
• Upper border of pubic symphysis (PS): defined as the highest slice where 
the pubic symphysis was seen 
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5.3.2 Linear A T measurement 
5,3.2.1 Subcutaneous AT (SAT) thickness 
SAT thickness (S) was measured at the anterior, posterior and both lateral 
aspects, at the level of XIP, LCM, UMB, IC and PS. 
SA-ic = SAT thickness at the anterior aspect ofIC level 
Sp.jc = SAT thickness at the posterior aspect ofIC level 
SR-ic = SAT thickness at the right aspect ofIC level 
Si.ic = SAT thickness at the left aspect ofIC level 
At the level of XIP, LCM, IC and PS, 8八 and Sp both were measured along 
mid-sagittal plane. SR and S[ were measured coronally at the most lateral point of 
the cross section (Figure 5.1a). 
At the UMB level, 5 � was measured sagittally on the right para-umbilical 
belly of subcutaneous fat. Sp was measured sagittally at the angle made by erectus 
spinae and quadratus lumborum muscles on the right side. SR and Si are transverse 
measurements at the most lateral point of the cross section (Figure 5.1b). 
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办 ^ ^ ^ ' ' 
Figure 5.1 Diagram showing the measurement ^A, Sp, SR and S[ (a) at the XIP, 
LCM, IC and PS level; (b) at the UMB level 
5,3.2.2 Visceral A T (VA T) thickness 
Several linear VAT dimensions (thickness) were defined according to certain 
identifiable landmarks. Owing to the variable anatomical configuration inside the 
abdominal cavity, the VAT thickness adopted were mainly located in the posterior 
part of the cavity. 
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The VAT found around the kidney was measured at the level of renal hilum. 
With respect to the short axis of the kidney, the VAT around the right kidney was 
measured posteriorly as Rp.R, laterally as RL-R, anteriorly as RA-R and medially as R_M-
R, in their longest measurable dimension (Figure 5.2). 
Similar measurements of peri-renal fat were also measured on the left side 
labelled as Rp.t, Rt-t, RA-L and RM-L (for RM-L aorta was the reference point instead 
ofIVC) 
/ ^ 
n B ^ ^ A: aorta 
^ A ^ 3 j i ^ ^ ^ ^ 0 B: bowel 
y ^ ^ ^ .^ lC rA Kn: kidney, right 
f L _ ^ V j I： inferior vena cava 
\ K« / } 1 
\ X . ^ / \ V: vertebral body 
Rk^^ ^^^P-R 
Figure 5.2 Diagram in showing the measurement Rp.R, Ri^ R, R .^R and R -^R at 
around the right kidney 
[Note] Actually, mesenteric fat was also included in the RA.R or R^.L measurement. 
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Rp.R = the longest VAT thickness, perpendicular to the short axis ofthe right 
kidney, measuredfrom the posterior aspect ofright kidney to the 
posterior wall ofthe visceral cavity 
Ri-R = the longest VATthickness, parallel to the short axis of the right 
kidney, measured from the most lateral aspect ofright kidney to the 
lateral wall ofthe visceral cavity 
RA-R = the longest VAT thickness, perpendicular to the short axis of the right 
kidney, measured from the anterior aspect ofright kidney anteriorly 
to the wall ofnearby intestine 
RM-R = the longest VAT thickness, parallel to the short axis ofthe right 
kidney, measured from the most medial aspect ofright kidney to the 
lateral wall IVC 
A pouch of visceral fat is noted on each side under the kidney. It relates to 
the psoas muscle medially, the quadratus lumborum muscle posteriorly, and extends 
to the pelvic region. At the right side UMB level, Qc-uMB-R was measured as the 
medial-lateral dimension of VAT at the most lateral point of the psoas muscle. Qs-
uMB-R was the longest antero-posterior dimension of VAT along Qc-uMB-R. QA-R was 
measured along the long axis of kidney for longest dimension of fat from the lower 
pole of right kidney in the reformatted sagittal image. Qc-ic-R and Qs-ic-R were also 
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measured at the right side IC level in the similar criteria as in the UMB level (Figure 
5.3). 
(a) 
v f ^ t ^ ^ 
Qc-UMB^^^=^—*m^ \ 
(QC-IC-R) ^ ^ i- ^ y 、 
Qs-UMB-R 
(Qs-IC-R) 
(b) B: bowel 
f K R : kidney, right 
Mp: psoas muscle 
、拟、 
Figure 5.3 Diagram in (a) transverse plane at UMB level (or IC level) showing 
the measurements Qc-uMB-Ry & Qs-uMB-R ( or Qc-ic-R & Qs-ic-R)； and in (b) para-
sagittal plane showing the measurement QA-R 
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Qc-UMB-R = the longest coronal VAT thickness measured from the most 
lateral point ofright psoas muscle laterally to the wall ofvisceral 
cavity or intestine, at the level of UMB 
Qs-UMB-R = the longest sagittal VAT thickness measured, perpendicular to 
Qc-UMB-R, from the posterior wall ofvisceral cavity anteriorly to the 
wall ofintestine, at the level ofUMB 
Qc-!c-R = the longest coronal VAT thickness measuredfrom the most lateral 
point ofright psoas muscle laterally to the wall ofvisceral cavity or 
intestine, at the level ofIC 
Qs-ic-R = the longest sagittal VAT thickness measured, perpendicular to Qc-
UMB-R, from the posterior wall ofvisceral cavity anteriorly to the wall 
ofintestine, at the level ofIC 
Q^.R = the longest axial VATdimension measured, along the long axis of 
kidney, from the lower pole of right kidney down to the wall of 
intestine in the reformatted sagittal image. 
The similar measurements of VAT under the kidney were also measured in 
the left side and labelled as Qc-uMB-L, Qs-UMB-L, Qc-ic-L，Qs-ic-L and QA-L-
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C h a p t e r 6 
DATAANALYSIS 
6.1 Tools 
The data obtained were recorded and calculated in MS Excel 7.0 Workbook 
and Excel 5.0 Worksheet, and then analysed by the SPSS (Statistical Package of 
Social Science) for Window 95 and MS Excel 7.0 Workbook. 
In Excel 7.0, the AT volumes were worked out from the equations and 
mathematical assumptions that will be discussed below in this Chapter. The software 
would also produce all the graphical presentations of the data. The data were 
processed by the following functions in the SPSS: Explore, Descriptive, Bivariate 
Correlation, Simple Factorial ANOVA (Analysis of Variance), Linear 
Regression and Curve Estimation. 
44 
Chapter 6: Data Analysis 
6.2 Mathematical Assumptions 
Figure 6.1 is a schematic diagram which represents the mathematical 
assumption to work out the AT volumes from the AT areas measured during data 
collection procedures. The following equations were used to calculate the adipose 
tissue volume from dome of diaphragm (DOD) to upper border of pubic symphysis 
(PS) in each subject. The adipose tissue volume in between slices was assumed to be 
the mean of the adipose tissue areas of the slice above and below multiplied by the 
gap thickness. 
i'"f 'l Slice 1 Ar,*t I ‘ i 
… - : : • . . 广&,”647~/+ A n ) / 2 
^ Slice 2 An^t I 
•… ^(s-t)*(Ar2+ Ar3)/2 
Slice 3 Aj3*t 
j^(s-t)*(An+ Aj4)/2 
Slice 4 Aj4*t W 
Slice n-1 Am-i^ t 
^ ( s - t ) * ( A r „ . j + A r J / 2 
Slice n Am*t ，， 
Figure 6.1 Schematic diagram showing the calculation of the total adipose 
tissue (TAT) volume, Vr 
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n n-\ i.e. y , = X ^T, * t + Y,{{Ar, + A”+�)* (5 - 1 ) (=1 /=1 
Therefore, 
n 
VV = X T^, * s-i(A7-, + Aj^) *{ s -1 ) Equation 6.1 /=i 
n 
V^ = 51 A^ , * s - i ( A ^ ,十 Av„) *(5 - 1 ) Equation 6.2 /=1 
n 
Vs = X^5, * s - i ( A 5 , + A&) * { s - 0 Equation 6.3 (=1 
And, Aj- 二 Av, + A^ , Equation 6.4 
V^=V^ +V^ Equation 6.5 
Furthermore, the overall visceral to subcutaneous adipose tissue ratio (VSR) 
throughout the volume from DOD to PS, 4， a n d the visceral to subcutaneous 
adipose tissue ratio (VSR) in i'^  slice, 5�w e r e d fined by the following equations. 
V 
By definition, 4 二 :;j^  Equation 6.6 
5^ 
5 = ^ Equation 6.7 
‘ 、 
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Similarly, the overall visceral to total adipose tissue ratio (VTR) throughout 
the volume from DOD to PS, 4,，and the visceral to total adipose tissue ratio(VTR) 
in ith slice, 4，were defined by the following equations. 
V^  
By definition, A„ = ^ Equation 6.8 
^T 
^ 
A, = — Equation 6.9 
‘ ^Ti 
W = total adipose tissue volume from DOD to PS 
Vy = visceral adipose tissue volume from DOD to PS 
Vs = subcutaneous adipose tissue volume from DOD to PS 
An = total adipose tissue area in i* slice 
Av/ = visceral adipose tissue area in 产 slice 
Asi = subcutaneous adipose tissue area in i''' slice 
n = number ofslices involved 
t = slice thickness 
s = slice spacing 
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50 = overall visceral to subcutaneous adipose tissue ratio throughout the 
volume 
51 = visceral to subcutaneous adipose tissue ratio in ith slice 
A" = overall visceral to total adipose tissue ratio throughout the volume 
A, = visceral to total adipose tissue ratio in 产 slice 
At the top of the sampled volume, VAT measured was partially in the 
thoracic cavity and partially in the intraabdominal cavity. After exclusion the 
thoracic fat, the following terms were used to represent the intraabdominal visceral 
adipose tissue (AVAT). When the measurements were far away from the diaphragm, 
the term AVAT and VAT were equivalent. 
VAv = intraabdominal visceral adipose tissue volume from DOD to PS 
AAVi = intraabdominal visceral adipose tissue area in /''' slice (used only at 
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C h a p t e r 7 
AMOUNT OF ADIPOSE TISSUE 
7.1 AT Volumes 
The overall AT volume measured on the -190HU to -30 HU interval was 
derived from Equation 6.1, 6.2, 6.3, 6.4 and 6.5 and the results were summarised in 
Table 7.1. In the volume from the dome of diaphragm to pubic symphysis, this study 
population gave the range from 1 litre to 16 litres of fat accumulation. The visceral 
fat depot ranged from Vi litre to 8 litres whereas for subcutaneous depot, it varied 
from V2 litre to 10 litres. 
7.1.1 In male and female subgroups 
The female subjects had about 27% more fat on average than the male. The 
average visceral fat of females was about 20% less than that of males, while the 
subcutaneous fat was nearly 60% more! Therefore, female subjects were fatter than 
male generally. However, fat distributions were not the same among both sexes. On 
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average, about 34% of measured fat was deposited viscerally among the 20 subjects. 
However, the female subjects had only about 27% of fat stored viscerally, while the 
male had about 42%. 
Table 7.1 Summary of overall abdominal AT volumes measured 
(cc) Mean sd Minimum Maximum 
TAT volume, Vj n = 20 7641 3971 1117 16398 
M = 11 6830 4347 1117 16398 
F = 9 8632 3438 3065 12849 
SAT volume, Vs n = 20 5041 2800 541 10490 
M = 11 3981 2401 541 8120 
F = 9 6336 2826 2587 10490 
VAT volume, Vv n = 20 2600 1747 478 8278 
M = 11 2849 2237 575 8278 
F = 9 2296 899 478 3461 
AVATvolume,VAv n = 20 2500 1680 455 7933 
M = 11 2724 2152 519 7933 
F = 9 2226 871 455 3358 
To make a more fair comparison of fat content in the male and female 
subgroup, 5 male subjects were selected and another 5 subjects with matched 
abdominal TAT volume were also selected from the female subgroup. Their mean 
fat content was summarised in Table 7.2. 
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Table 7.2 The AT volumes of 5 male and 5 female subjects with matched 
adiposity 
(cc) Mean (Relative to Vj) sd Min. Max. 
- — 
TAT volume, Vj n = 10 6871 (100%) 2802 3065 10928 
M = 5 6870 (100%) 2839 3689 10083 
F = 5 6872 (100%) 3100 3065 10928 
SAT volume, Vs n = 10 4327 (63%) 2022 2289 7467 
M = 5 3782 (55%) 1828 2289 6612 
F = 5 4873 (71%) 2262 2587 7467 
VAT volume, Vv n = 10 2543 (37%) 1337 478 5045 
M = 5 3087 (45%) 1429 1233 5045 
F = 5 1999 (29%) 1113 478 3461 
Since the 10 subjects were selected pair by pair with similar adiposity, the 
mean TAT volumes of the two selected subgroups were more or less the same. On 
average, the 5 female subjects had only 29% of fat stored viscerally, while the male 
had 45%. The result was close to the overall study population (20 subjects). 
7.1.2 VA T and SA T increase with TA T 
Both overall VAT and SAT increased with overall TAT. When they were 
plotted against TAT, the trendline for SAT had a higher gradient than that of VAT. 
If the investigation was done for separated sex, their difference in the gradient 
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became greatly enhanced in women, whereas the increases of overall SAT and VAT 
with overall TAT were nearly parallel in men (Figure 7.1). 
(a) in 20 subjects (b) in subjects age over 50 
12000 1— 12000 1 
10000 •- : y 10000 •• • 
I 8000 — ^^/^^ • 8000-- * y / ^ • 
> 6ooo-- ^ 6000 - y ^ y " 
\ y \ ^ • x ： ^ ^ 0 4000 - y ^ ^ 4ooo-- y y ^ 
< A ^ \ i ^ ^ -2000- J r 5 ^ ¾ • 2000- ^ " • 
^ y ^ � • 
0 1 0 1 0 10000 20000 0 10000 20000 
(c) in female subjects (d) in male subjects 
12000 12000 1 
i 
畚 I 
10000- 10000- i 
1 / y 
I 8000 • A 8000 • y ^ , 
> 6000- 7 6000- ^ y ^ ^ y ^ 
% 4000- y ^ 4000- ^ ' y ^ ^ 
、 。 0 。 ' A ^ ^ ^ ^ ^ y ^ ^ 
o J _ ! , o U ^ , 1 
0 10000 20000 0 10000 20000 
TAT volum e (cc) TAT volum e (cc) 
• Total SAT • Total VAT Linear (Total SAT) Linear (Total VAT) 
Figure 7.1. Scatter plot of SAT and VAT volumes against TAT volume and 
their trendlines (a) in 20 subjects (note the difference in their gradients 一 about 
2:1); (b) in subjects of age over 50 only (note the similarity in their gradients 一 
about 3:2); (c) in female subgroup (note the widening of their gradients (about 
3:1); & (d) in male subgroup (note the similarity in their gradients - about 3:2) 
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Furthermore, in the subgroup of age above 50，the difference of the trendline 
gradient of SAT and VAT was reduced as compared to the study population. About 
40% of the fat deposited viscerally and 60% of fat deposited subcutaneously (Figure 
7.1b). 
7.1.3 A VAT vs. VAT volume 
The term abdominal visceral adipose tissue (AVAT) volume (VAv) directly 
refers to the fat volume inside the intraabdominal cavity, whereas the visceral 
adipose tissue (VAT) volume (Vy) refers to AVAT volume plus the thoracic VAT at 
the base of lung and heart (Table 7.1). 
Their difference is only the small amount of thoracic visceral fat, at the lung 
bases and the inferior surface of heart. This thoracic VAT can be found only at the 
uppermost 6 to 10cm of the sampling volume. The difference contributed only about 
<"y 
4% of the overall value. Furthermore, the R" value of the Vy and VAv was as high as 
0.999. VAv and Vv can be assume to be the same, especially when dealing with the 
correlation of other data (Table 7.4). 
V A V = 0 . 9 6 V v (no-intercept model, R-=0.999, p<0.0001) p e 7 . 1 . 1 
V v = 1 . 0 4 V A V (no-intercept model, R^=0.999, p<0.0001) p e 7 . 1 . 2 
(pe is the short form for 'predictive equation') 
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7.2 AT Areas at Various Anatomical Levels 
The mean TAT, VAT and SAT areas were different among the various 
anatomical levels, respectively (Figure 7.2). SAT area decreased from the DOD level 
and reached a trough at the XEP level. Then it rose to the peak at the IC level. It went 
down gradually to the LSI level and then tumed up again. 
On the other hand, VAT area increased gradually from the DOD level and 
abruptly after the LCM level. The peak was at the MDD level. From there VAT area 
decreased gradually down to the PS level. 
Mean fat area 
measured at various anatomical level 
300 1 PI PI i 
250——°TAT n n 
S l S A T 
E 200 一 n V A T ——n I PI p ^ ~ ~ 
S |oAVAT| I I 
r ^ ° o r " L ~ r r r u 
彻通腿^ 
DOD XIP LCM MID UMB C USI LSI PS 
Anatomical level 
Figure 7.2 Mean fat (AT) areas measured at various anatomical levels, over the 
20 subjects. The measurements of VAT and AVAT are the same except at the 
DOD and XIP levels. 
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Being the summation of VAT and SAT depot, TAT area decreased from the 
DOD level and reached a trough at the XIP level. Then it rose to the peak at the IC 
level. It went down gradually to the LSI level and was unchanged as far as the PS 
level. 
When the fat areas of various levels were compared, IC was usually the level 
where total fat is most abundant (Figure 7.2). IC was also the level storing most 
SAT. However, VAT was preferentially deposited in the MID level. 
7.2.1 In male and female subgroups 
The AT areas among the various anatomical levels were analysed by Simple 
Factorial ANOVA and individual differences had significant influence on TAT and 
VAT. Sex and level differences had significant effects on TAT, SAT and VAT 
areas. 
When the mean AT areas among the various anatomical levels of the male 
subgroup were compared with those of the female, differences were shown (Figure 
7.3). 
Women had much more SAT areas than men among all the anatomical 
levels. The area at each level of women was about 1.5 times as men's. However, the 
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trend of variation was more or less the same in both sexes, ki women, the value was 
just shifted to the higher end and the differences were bigger at the DOD level and in 
the lower abdomen. 
On the other hand, VAT areas of both sexes in this study population were 
quite similar, although men had about 10% more VAT than women. The trends of 
variation among the anatomical levels were similar except at the level of LCM at 
which men had about 1.5 times VAT area more than women. 
For mean TAT areas, there was a more significant difference in the trend of 
variation between both sexes. Although the mean TAT areas among the various 
anatomical levels in women were always bigger than those in men, their difference 
was not constant. Women had about 30% to 50% more TAT area than men at the 
DOD level and in the lower abdomen, whereas the difference was only less than 
10% at the LCM level. 
Table 7.3 Anatomical level with most fat deposited in the overall study 
population 
Overall Male Female 
n = 20 M = 11 F = 9 
- - •••�••- - -
Level most fat (TAT) deposited IC UMB IC 
Level most SAT deposited IC IC IC 
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Level most VAT deposited M I D M I D M I D 
In the male subgroup, the UMB level accumulated the most TAT, where 
most SAT and VAT were still deposited at the IC and MID level respectively. In 
women, the distribution was the same as the overall population. Table 7.3 
summarised the anatomical levels with most TAT, VAT and SAT depot. 
To make a more fair comparison of fat area in the male and female subgroup, 
the 5 pairs with matched abdominal TAT volume were evaluated again. The mean 
AT areas among the various anatomical levels were also analysed by Simple 
Factorial ANOVA and individual differences had significant effect on SAT and 
VAT. Sex and level differences had significant effects on SAT and VAT areas. 
Owing to the conditional selection of these 10 subjects, no significant result was 
found in the analysis of the TAT area. 
The trends of variation of the TAT, SAT and VAT areas among the various 
anatomical levels were essentially similar to that of the total population, but not 
exactly the same (Figure 7.4). The levels of peak AT depot in this subgroup was 
summarised in Table 7.4. 
In the subgroup of matched abdominal adiposity (10 subjects), women had 
more SAT areas than men among all the anatomical levels (Table 7.4). the trend of 
variation was quite similar in both sexes. The value was just shifted to the higher end 
in women. 
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(a) mean TAT areas 
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Figure 7.3 At various anatomical levels, (a) mean TAT areas; (b) mean SAT 
areas; & (c) mean VAT areas measured in male and female subgroups 
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(a) mean TAT areas 
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Figure 7.4 At various anatomical levels, (a) mean TAT areas; (b) mean SAT 
areas; & (c) mean VAT areas measured in the selected 5 male and 5 female 
subjects with matched total TAT volumes 
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On the other hand, VAT areas among the anatomical levels of both sexes in 
this subgroup were not exactly the same. Men always had more VAT than women in 
all levels and had about 40% more VAT than women on average. The difference in 
the AT area was small at the DOD and XJP levels, as well as at the pelvic region . 
However, at the LCM level, men had about 2 times VAT area more than women. In 
men, the peak VAT accumulation was at the LCM level while this was at the MH) 
level in women. 
The mean TAT areas among the various anatomical levels in women were 
always larger than those in men, except at the LCM and the MID level. Women had 
about 10% to 20% more TAT area than men at the DOD and XIP levels, as well as 
at the pelvic region, whereas men had 24% more TAT at the LCM level. 
Table 7.4 Anatomical level with most fat deposited in the selected 5 male and 5 
female subjects with matched TAT volumes 
Overall Male Female 
n = 10 M = 5 F = 5 
Level most fat (TAT) deposited U M B U M B IC 
Level most SAT deposited IC IC IC 
Level most VAT deposited M I D L C M M I D 
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7-2.2 Correlation Between A T Volumes and Areas 
Table 7.5 Correlation matrix showing the correlation coefficient between the 
AT volume and the AT area at various anatomical levels 
Correlation Coefficient, R 
Vr Vs Vv VAv 
Aj-DOD 0.92* As-DOD 0.95* Av-ooo 0.45§ AAv-DOD -0.10 
Aj-xiP 0.96* As -x iP 0.95* Av.xiP 0.85* AAv-xiP 0.11 
Aj-LCM 0.93* As-LCM 0.97* Ay-Lcw 0.97* Ay-Lcw 0.97* 
Aj-MID 0.96* As-MID 0.95* Av-MiD 0.97* Av_MiD 0.97* 
Ai-uMB 0.97* As-uMB 0.94* Av-uwe 0.97* Ay.uMB 0.97* 
Aj.,c 0.97* As-ic 0.97* Av-ic 0.95* Av-,c 0.95* 
Aj-usi 0.95* A s - u s i 0.97* Av-usi 0.91* Av-usi 0.91* 
Aj-Lsi 0.93* As-Lsi 0.96* Av-Lsi 0.90* Av-tsi 0.90* 
Aj.ps 0.88* As-ps 0.93* Ay-ps -0.02 Av-ps -0.02 
*p<0.0001, §p<0.05 
Good correlation could be shown between the overall fat volume and the 
corresponding fat areas at various anatomical levels. The results were summarised in 
Table 7.5. The exception was only found in VAT or AVAT. At both ends 
(diaphragm and pubic symphysis), the VAT areas did not correlate with the overall 
VAT or AVAT volume. 
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7.2.3 Prediction of abdominal A T volumes from A T areas 
On the regression analysis, the sampled fat volumes were best predicted by 
the fat areas at the following anatomical levels: LCM, MK), UMB and IC. Predictive 
equations would be established. The TAT and SAT volumes were better determined 
from the corresponding fat areas at the MID and IC levels, whereas the VAT volume 
was better predicted from the fat areas at the LCM and UMB level. 
Vx = 10.89 Ax-MiD + 17.66 Aj - i c 
(no-intercept model, R=0.996, adjusted R-=0.991,p<0.0001) p e 7 . 2 . 1 
V s = 1 3 . 8 7 A s . M i D + 1 6 . 2 2 A s - i c 
(no-intercept model, R=0.995, adjusted R^=0.990, p<0.0001) p e 7 . 2 . 2 
Vv = 9 .27 Av-LCM + 16.46 Ay-uMB 
(no-intercept model, R=0.995, adjusted R-=0.988, p<0.0001) p e 7 . 2 . 3 
VAV = 8359 A v - L C M + 16.17 A y - U M B 
(no-intercept model, R=0.995, adjusted R^=0.988, p<0.0001) p e 7 . 2 . 4 
At the LCM and IC levels, good prediction could also be established. 
Vx = 9 .28 Ax-LCM + 20 .55 Ax-ic 
(no-intercept model, R=0.996, adjusted R^=0.991,p<0.0001) p e 7 . 3 . 1 
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Vs = 22.15 As.LCM + 13.95 As.ic 
(no-intercept model, R=0.995, adjusted R^=0.989, p<0.0001) p e 7 . 3 . 2 
Vv = 12.77 Av.LCM + 14.93 Ay-ic 
(no-intercept model, R=0.995, adjusted R-=0.988, p<0.0001) p e 7 . 3 . 3 
V A V = 1 2 . 1 0 A v - L C M + 1 4 . 5 7 Ay-IC 
(no-intercept model, R=0.995, adjusted R"=0.988, p<0.0001) p e 7 . 3 . 4 
The application of a prediction model would be most practical if it could be 
achieved from single level measurement. When the analysis was focused on a single 
level, the best prediction of fat volumes was from the fat areas at LCM level, as well 
as at the IC level. From the LCM level, the following predictive equations of overall 
TAT, VAT and SAT volume were obtained: 
Vx = 20 .03 Ax-LCM + 31.97 As_LCM 
(no-intercept model, R=0.994, adjusted R^=0.986, p<0.0001) pe 7.4.1a 
Vx=35.42 Ax-LCM 
(no-intercept model, R=0.984, adjusted R^=0.966, p<0.0001) pe 7.4.1b 
Vs = 47.24 As-LCM 
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(no-intercept model, R=0.993, adjusted R^=0.984, p<0.0001) p e 7 . 4 . 2 
Vv = 20.82 Av-LCM + 486.90 
(R=0.971,adjusted R-=0.940, p<0.0001) pe.4.3 
VAV = 20.00 Av-LCM + 470.21 
(R=0.971,adjusted R'=0.938, p<0.0001) p e 7 . 4 . 4 
From the IC level, the following predictive equations were obtained: 
Vx = 27.54 Ax-ic 
(no-intercept model, R=0.995, adjusted R'=0.989, p<0.0001) p e 7 . 5 . 1 
Vs = 26 .08 As.ic 
(no-intercept model, R=0.993, adjusted R^=0.986, p<0.0001) p e 7 . 5 . 2 
Vv = 30.98 Av-ic 
(no-intercept model, R=0.985, adjusted R^=0.968, p<0.0001) p e 7 . 5 . 3 
VAv = 29.79 Av.ic 
(no-intercept model, R=0.985, adjusted R^=0.969, p<0.0001) p e 7 . 5 . 4 
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[Note] The R^ of the regression model without a constant (no-intercept model) 
CANNOT be compared to the R^ of the regression model with a constant 
(intercept model) because they are defined in a different manner. 
7.3 Linear AT Dimensions 
7.3.1 Linear SA T dimensions correlated to A T volumes 
Correlation of the linear SAT dimensions with the overall TAT, SAT and 
AVAT volume were summarised in Table 7.6. 
There was good correlation between these SAT linear dimensions and the 
overall TAT volume, except at the UMB level where no significant correlation could 
be demonstrated with the bilateral SAT thickness measurements. (The bilateral 
measurements at the UMB level were made in the same manner as those of other 
levels.) The correlation was strongest at the LCM level, and followed by the XIP and 
PS measurements. On the other hand, the posterior SAT measurements, and 
followed by the anterior measurements, showed a better correlation to the overall 
TAT volume than the bilateral ones. 
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Table 7.6 Correlation (in R value) of SAT thickness at various levels with the 
overall AT volume 
Anatomical SAT thickness Overall Overall Overall 
level TAT SAT AVAT 
Xiphoid SA-XIP anterior 0.58t 0.60| 0.37 
SL-xiP left lateral 0.70t 0.83n 0.28 
Sp.xiP posterior 0.84n 0.84n 0.58$ 
SR.xiP right lateral 0.84n 0.94n 0.42 
Lower Costal SA-LCM anterior 0.83n 0.93n 0.43 
Margin S^ -LCM leftlateral 0.72n 0.86n 0.26 
Sp-LCM posterior 0.74n 0.85n 0.32 
SR.LCM right lateral 0.67t 0.85n 0.18 
Umbilicus SA-UMB anterior 0.66| 0.77n 0.28 
SL-uMB leftlateral 0.34 0.54§ -0.09 
Sp-uMB posterior 0.86a 0.86n 0.59本 
Sn.uMB right lateral 0.34 0.55§ -0.08 
Iliac Crest S ^ c anterior 0.63t 0.59t 0.50§ 
SL-ic leftlateral 0.55§ 0.59t 0.33 
Sp.,c posterior 0.8ln 0.90n 0.41 
SR.ic right lateral 0.62t 0.69卞 0.32 
Pubic SA-Ps anterior 0.92n 0.86n 0.72n 
Symphysis SL.ps leftlateral 0.59| 0.8ln 0.05 
Sp.ps posterior 0.56t 0.65卞 0.24 
SR.ps right lateral 0.59t 0.8ln 0.06 
np<0.001, tp<0.005, $p<0.01, §p<0.05 
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Very good correlation was shown between these SAT linear dimensions and 
the overall SAT volume. Significant correlation with the overall SAT volume can be 
demonstrated in all the SAT thickness measurements. Similar to the trend seen in the 
correlation with overall TAT volume, there was exceptional high R value among the 
measurements at the LCM level, as well as the posterior measurements. These 
findings were even much better than those seen in overall TAT. 
Out of these 20 SAT thickness measurements, only 4 of them demonstrated a 
significant correlation with the overall intraabdominal VAT or overall AVAT 
volume. They were the measurements taken at the anterior aspect of the IC and PS 
level, as well as those at the posterior aspect of the XIP and UMB level. 
7.3.2 Linear VA T dimensions correlated to A T volumes 
The correlation of the linear VAT dimensions with the overall TAT, SAT 
and AVAT volume were summarised in Table 7.7. 
There was good correlation between most of the linear VAT measurements 
and the overall AVAT or VAT volume, especially at the perirenal region (or roughly 
the LCM level). Moreover, when comparison was made between the left and right 
side VAT deposits, the right side measurements generally demonstrated a better 
correlation than those of the left side. 
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Table 7.7 Correlation (in R value) of VAT thickness at various levels with the 
overall AT volume 
Anatomical level VAT thickness Overall Overall Overall 
TAT SAT AVAT 
Left renal hilum Rp L 0.49§ 0.28 0.67t 
(~ LCM) RL-L 0.27 0.07 0.49§ 
RA-L 0.54§ 0.25 0.83a 
Rw-L 0.61t 0.42 0.73Q 
Right renal hilum Rp.R 0.70t 0.46§ 0.85a 
(~ LCM) RL-R 0.59t 0.39 0.72a 
RA-R 0.70t 0.55§ 0.71a 
RM-R 0.65t 0.38 0.88a 
VAT pouch below Qc-uwie-L 0.37 0.25 0.43 
the left kidney Qs-uwrn-L 0.68t 0.44 0.84o 
(~ UMB to IC) Qc-,c-L 0.31 0.20 0.37 
Qs-ic-L 0.54§ 0.43 0.55§ 
QA-L -0.02 -0.15 0.20 
VAT pouch below Q_B-R 0.68t 0.62f 0.55f 
the right kidney Qs-uwm-R 0.48§ 0.23 0.73a 
(~ UMB to IC) Qc-,c-R 0.56t 0.56§ 0.39 
Qs-ic-R 0.72a 0.52§ 0.79a 
QA-R 0.34 0.11 0.61t 
"^aooTti^o.oo5, tp<o.oT, §p<o.o5~ “ 
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Significant correlation could be demonstrated between most of these linear 
VAT measurements and the overall TAT volume, but it was weaker than the 
correlation between the linear VAT measurements and the overall AVAT volume. 
Out of these 18 VAT thickness measurements, only 5 of them demonstrated a 
significant correlation with the overall SAT volume. They were the measurements 
taken mainly at the right side VAT deposit: around the kidney and below the kidney. 
7.3.3 Prediction of abdominal SA T volume 
According to the result above, the overall SAT volume was predictable from 
some of these linear measurements. Several predictive equations are listed below. 
Multi-level parameters 
Vs = 1292Sp.xiP+ 1091Sp.LCM+ 1074Sp.uMB • 1780 
(R=0.960, adjusted R-=0.907, p<0.0001) pe 7.6.1 
Sinsle level parameters 
Vs = 5708SR.xiP- 2048SL-xip + 1397 
(R=0.950, adjusted R^=0.891,p<0.0001) pe 7.6.2 
Vs = 1010SA-UMB+ 1446Sp.uMB - 3103 
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(R=0.901,adjusted R^=0.791, p<0.0001) pe 7.6.3 
Vs = 2332SA-LCM + 1400Sp.LCM 
(no-intercept model, R=0.994, adjusted R^=0.987, p<0.0001) pe 7.6.4 
7.3.4 Prediction of abdominal A VA T volume 
According to the result above, the overall AVAT volume was also 
predictable from certain of these linear measurements. Several predictive equations 
are listed below. 
Multi-level parameters 
VAV = 184.1Qs- UMB -R + 309.0Qc- ic -R + 341.3Qs-uMB-L • 1122 
(R=0.930, adjusted R"=0.841,p<0.0001) pe 7.7.1 
Single level parameter(s) 
VAv = 1177Rp.R + 637RL-R + 552RM-R 
(no-intercept model, R=0.981,adjusted R-=0.955, p<0.0001) pe 7. 7.2 
VAv = 156.7Qs- UMB -R + 386.8Qs-uMB-L 
(no-intercept model, R=0.970, adjusted R"=0.933, p<0.0001) pe 7.7.3 
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VAv = 566.7Qs-uMB-L 
(no-intercept model, R=0.954, adjusted R^=0.906, p<0.0001) p C 7 . 7 . 4 
7.3.5 Prediction of abdominal TA T volume 
According to the result above, the overall TAT volume was predictable from 
certain of these linear VAT and SAT measurements. Several predictive equations are 
listed below. 
Sinsle level parameter(s) 
Vx = 2610Sp.uMB + 278.0Qs-uMB-R - 4520 
(R=0.902, adjusted R-=0.791,p<0.0001) p e 7 . 8 . 1 
Vx = 2067SA-LCM + 1857Sp.LCM + 1719Rp.R + 932RM-R 
(no-intercept model, R=0.996, adjusted R"=0.990, p<0.0001) p e 7 . 8 . 2 
V j = 2544Sp.ic + 574Qs-ic-R + 325Qs-ic-L 
(no-intercept model, R=0.987, adjusted R^=0.970, p<0.0001) p e 7 . 8 . 3 
VT = 4520SA-LCM 
(R=0.969, adjusted R^=0.935, p<0.0001) p e 7 . 8 . 4 
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7.4 AT Measurements, Sex and Age 
7A. 1 In whole study population 
Among the volumetric AT measurements, only overall AVAT or VAT 
volume correlated with age of the subjects (Table 7.8). Significant correlation was 
also demonstrated between age and the VAT areas of all specified anatomical levels 
except those at DOD and PS which were the extremes of the intraabdominal cavity. 
When the VAT area of each significant anatomical level was plotted against age, a 
linear trendline was drawn and its gradient reflected the rate of increase in VAT 
depot with age at the particular anatomical level. The MID level demonstrated the 
highest gradient, and was followed by the LCM level, the UMB level and the IC 
level (Table 7.9). 
Table 7.8 Correlation matrices between AT volume (VV, Vs & ^4v), sex and age. 
Vr Vs Vv VAv age sex 
Vr 1 
Vs 0.924 n 1 
Vv 0.791 n 0.498 § 1 
VAv 0.798 n 0.508 § 0.999 n 1 
a g e 0 . 3 5 7 0 . 1 3 9 0 . 5 8 9 本 0 . 5 8 4 1 1 
s e x -0.232 -0.429 0.161 0.151 -0.096 1 
np<0.001, tp<0.005, tp<0.01, §p<0.05 
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Table 7.9 The correlation coefficient, gradient and y-intercept of the trendline y 
=ax + b when VAT areas of various levels (y) were plotted against the age (x) of 
subjects. A higher gradient implied a higher increase of VAT depot with age at 
that anatomical level. 
Correlation coefficient, R Gradient, a Y-intercept, b 
Av-DOD 0 . 2 7 - -
Av-xiP 0 . 4 9 § 0.44 20.38 
Av- LCM 0-60t 2.57 -31.62 
Av- MID 0.68X3 2.83 -32.64 
Av- uMB 0.56§ 1.86 1.88 
Av-ic 0.62t 1.63 1.14 
Av- usi 0.58$ 1.11 4.77 
Av- LSI 0.45§ 0.81 6.12 
Av- PS 0 . 2 6 - -
np<0.001, tp<0.005, ip<0.01, §p<0.05 
The TAT areas at the LCM and MLD levels, in which more than 40% was 
visceral fat depot, also correlated with age. Other than these TAT areas, the other 
TAT areas and all SAT areas were not correlated with the age of the subjects in this 
study population. 
There was significant correlation demonstrated between several linear VAT 
measurements and age. These measurements included R_L-L, Qc-ic-L and 卩八七 at the 
left side, as well as RL-R, RM-R�Qs-UMB-R, Qs-ic-R and QA-R at the right side. They all 
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are located near both kidneys and the psoas muscles. No linear SAT measurement 
correlated with age in this study population. 
7.4.2 In male and female subgroups 
In men, linear correlation with age was shown among the AVAT and VAT 
volumes, as well as the abdominal VAT areas at the levels of LCM, MHD, UMB and 
IC (on the whole, R^>0.41 and p<0.05). No TAT or SAT measurements showed 
such relationship, except the TAT area at the LCM level (R^>0.39, p<0.05) where 
more than 55% of the AT area was contributed by visceral depot in men. (Table 7.10 
&7.11) 
When non-linear correlation model was applied to the overall AVAT or VAT 
volume, only the exponential model was significant, but accompanied by a decrease 
ry 
in the R" value and an increase in p value as compared to the linear model. The 
findings implied a positive, linear relationship between the absolute intraabdominal 
VAT content and age in men. 
However, significant linear correlation with age was found in the VAT area 
at the levels of XIP, LCM, MDD, UMB and IC. When non-linear correlation models 
were applied to these VAT areas, better correlation results (obvious increase in the 
R2 value) were obtained at the LCM, MID, UMB and IC levels by the quadratic 
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model. This implied that the way of increase in VAT depot with age at individual 
anatomical level may be distinctive from other levels, and may be also different from 
the overall abdominal volume. 
Table 7.10 Summary of the R^ value of the regression between AT volumes 
(dependent) and age (independent) in linear, quadratic and exponential models 
in the study population, male and female subgroups respectively 
AT volume Regression model Correlation coefficient, R^ 
n = 20 m = 11 f = 9 
TAT volume Vj linear 0.127 0.178 0.051 
quadratic 0.144 0.245 0.416 
exponential 0.136 0.140 0.120 
SAT volume V5 linear 0.019 0.020 0.005 
quadratic 0.084 0.061 0.413 
exponential 0.027 0.022 0.015 
VAT volume V^  linear 0.346t 0.447§ 0.396 
quadratic 0.360§ 0.528 0.488 
exponential 0.429f 0.412§ 0.508§ 
AVAT volume 4^V linear 0.341t 0.435§ 0.390 
quadratic 0.355§ 0.519 0.485 
exponential 0.4161" 0.392§ 0.505§ 
n7<0 005, $p<0.01, §p^ T05™ _ ~ ™ _ — _ _ ™ _ _ _ • _ _ _ _ _ _ _ ™ _ _ _ 
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Table 7.11 Summary of the R^ value of the regression between VAT areas 
(dependent) and age (independent) in linear, quadratic and exponential models 
in the study population，male and female subgroups respectively 
VAT area at Regression model Correlation coefficient, R^ 
n = 20 m = 11 f = 9 
DOD Vy.ooD linear 0.075 0.184 0.007 
quadratic 0.168 0.203 0.311 
exponential 0.146 0.199 0.122 
XIP Vv-xip linear 0.242§ 0.611t 0.013 
quadratic 0.249 0.618§ 0.345 
exponential 0.245§ 0.606t 0.034 
LCM Vv-LCM linear 0.363:j: 0.564* 0.279 
quadratic 0.381§ 0.662§ 0.436 
exponential 0 . 4 8 0 卞 0 . 5 4 0 § 0 . 4 8 1 § 
MID Vy.M,D linear 0.467t 0.494§ 0.609§ 
quadratic 0.517卞 O.Q4§ 0.610 
exponential 0.522n 0.451§ 0.650$ 
UMB Vy.uMB linear 0.317§ 0.434§ 0.249 
quadratic 0.332§ 0.557§ 0.420 
exponential 0.355$ 0.372§ 0.381 
IC W/c linear 0.381t 0.413§ 0.566§ 
quadratic 0.419§ 0.589§ 0.654§ 
exponential 0.415t 0.377§ 0.575§ 
USI Vv.usi linear 0.339:|: 0.351 0.429 
quadratic 0.340§ 0.427 0.661§ 
exponential 0 . 3 7 8 1 " 0 . 3 3 2 0 . 5 0 3 § 
LSI Vv.Lsi linear 0.203§ 0.267 0.273 
quadratic 0.232 0.380 0.348 
exponential 0.234§ 0.229 0.340 
PS Vv.ps linear 0.069 0.000 0.359 
quadratic 0.069 0.008 0.361 
exponential 0.103 0.002 0.526 
a p<0.001, t p<0.005, i p<0.01,§ p<0.05 ‘ 一 ™ ~ ~ " ~ ~ 
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In women, the situation was more complicated. Significant linear correlation 
with age was not demonstrated among all the AT volumes and areas, except the 
VAT areas at the levels of MJD and IC (R->0.56 and p<0.05). When exponential 
model was applied to the overall AVAT or VAT volume, the correlation was 
^ 
significant (R^>0.50 and p<0.05). The resultant trendline (all coefficients of the 
variables were positive value) implies an increase of intraabdominal VAT content 
accelerated by age in women. (Table 7.10 & 7.11) 
Similar to the overall VAT volume, the VAT area at the LCM level was 
correlated with age only in exponential regression model. When exponential model 
was applied to the VAT areas at the MDD level, there was a mild improvement in the 
correlation coefficient (R^>0.65 and p<0.01), as compared to the linear model 
^ 
(R*>0.60 and p<0.05). The linear model was also applicable to the VAT area at the 
IC level (R2>0.56 and p<0.05), but improvements in the correlation coefficient were 
also noted in the non-linear model (quadratic model: R^>0.65 and p<0.05; 
exponential model: R^>0.57 and p<0.05). Only non-linear model was applicable to 
， 
the VAT area at the USI level (quadratic model: Rr>0.66 and p<0.05; exponential 
model: R^>0.50 and p<0.05). 
In women, the rate of change in the VAT depot with respect to age may be 
distinctive at different anatomical levels, and may be different from the overall 
abdominal volume. 
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7.5 Difference in Attenuation Interval 
The AT volumes and areas being measured with the attenuation interval 
'-190HU to -30HU' was always more than those with the interval '-250HU to 
-50HU'. Table 7.12 summarised their differences in overall AT volumes. The 
'-250HU to -50HU' interval measured 9% less in the overall AT volume than the 
'-190HU to -30HU' interval. The difference was smaller in SAT (6%), but larger in 
VAT (13%) and AVAT (14%). 
Table 7.12 AT volumes measured by both attenuation intervals, and the relative 
values with respect to the ‘-190HU to -30HU' interval. The numbers inside the 
blankets were their relative values. 
Volume in cc Attenuation interval Attenuation interval 
‘-190HU to -30HU' ‘-250HU to -50HU' 
Overall TAT volume 7641 (100%) 6969 (91%) 
Overall SAT volume 5041 (100%) 4718 (94%) 
Overall VAT volume 2600 (100%) 2251 (87%) 
Overall AVAT volume 2500 (100%) 2148 (86%) 
However, when ‘Bivariate Correlation' was applied to the data measured at 
the '-250HU to -50HU' interval, the significance between any type of AT volume 
and its corresponding AT areas was almost the same as the '-190HU to -30HU' 
interval. The differences of the R values between the 2 intervals were not more than 
2%, except those of the VAT or AVAT measurements at the diaphragm. 
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The regression results were essentially the same. Table 7.13 showed the 
predictive equations for the overall AT volumes derived from the area measurements 
at the LCM and IC level, using both intervals. The structure and significance of these 
equations were similar, but the coefficients of the variables were different. 
Table 7.13 Comparison of predictive equations for AT volumes from LCM and 
IC levels, in both attenuation intervals 
Attenuation interval Attenuation interval 
'-190HU to -30HU' ‘-250HU to -50HU' 
Vr = 9.28 Aj-LCM + 20.55 Aj-ic Vj = 8.23 八丁彻 + 21.12 Aj-ic 
Vs = 22.15 As-LCM + 13.95 As-ic Vs = 18.95 As—LCM + 15.81 As-ic 
Vv = 1 2.77 Av-LCM + 1 4.93 Ay-IC Vy = 1 1.16 Ay-LCM + 15.08 Av-|C 
VAV = 12.10 Av-LCM + 14.57 Ay-ic VAV = 11.94 Ay-LCM + 15.45 Av-ic 
All predictive equations: no-intercept model, R>0.99, adjusted R '>0.98, p<0.0001 
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Chapter 8 
DISTRIBUTION OF ADIPOSE TISSUE : 
VSR& VTR 
8.1 VSR 
Table 8.1 Statistical summary of measured VSR 
VSR mean sd min. max. 
Overall So 0.591 0.347 0.185 1.488 
Dome of diaphragm Sooo 0.803 1.041 0.212 4.591 
Xiphoid SxiP 0.911 1.001 0.258 4.630 
Lower costal margin SiCM 1.065 0.728 0.106 3.098 
Midway between LCM & IC 3動 0.854 0.536 0.163 2.041 
Umbilicus SuMB 0.584 0.301 0.186 1.488 
Iliac crest Sic 0.492 0.257 0.186 1.106 
Uppersacro-iliacjoint Susi 0.398 0.225 0.153 0.923 
Lower sacro-iliac joint Stsi 0.385 0.246 0.127 1.004 
Pubic symphysis Sps 0.099 0.089 0.001 0.279 
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The calculation of overall VSR, was based on Equation 6.6 while the VSRs of 
the mentioned anatomical levels were derived from Equation 6.7. The results were 
summarised on Table 8.1 and Figure 8.3. VSR was high at the DOD level (about 70% 
of the peak value) and increased gradually to the peak at the LCM level. Then it went 
down gradually down to the PS level (about 10% of the peak value). 
8,1-1 Correlation 
Table 8.2 Correlation coefficients, R of the overall VSR with the VSR of various 
anatomical levels 
VSR Correlation coefficient, R 
Overall S � 1 
Dome of diaphragm Sooo 0.358 
Xiphoid SxiP 0.470 § 
Lower costal margin S[cM 0.966 * 
Mid-level between LCM & IC M^/D 0.895 * 
Umbilicus 8 _ 0.877 * 
Iliac crest dic 0.948 * 
Upper sacro-iliacjoint Sust 0.863 * 
Lower sacro-iliac joint 4s/ 0.754 八 
Pubic symphysis §pQ 0.311 
*p<0.0001, Ap<0.0005, §p<0.05 
The overall VSR (4 ) was found to be significantly correlated to the VSR at 
the levels of the lower costal margin, the iliac crest, the midway between them, the 
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umbilicus, the upper and lower SI joint (4cM, ^c, <Wo, SuMB, Susi and 4s/). The 
best results were also obtained at the mid abdominal region (LCM, MDD, UMB and 
IC), similar to the findings in AT volumes. The results were shown in the Table 8.2. 
8.1.2 Prediction 
By the linear regression method, the overall VSR (4 ) would be predicted 
currently with the VSR at LCM and IC levels {Si^ cM and Sic)-
The predictive equations were shown in the Table 8.3. The expected value of 
the overall VSR predicted from both variables was very close to the actual value 
(Figure 8.1). The R^ value for the equation derived from both the LCM and IC levels 
were as high as 99.6%. Even for individual level the R" value was 93% or more. 
Table 8.3 Predictive equations of the overall VSR 
Predictive equation R^  model 
i = 0 . 2 7 7 & c M + 0 . 6 0 1 c ^ c 0.996* non-intercept 
4 = 0 . 4 6 1 ^ , , + 0 . 0 9 9 8 。 • * intercept 
^ 1 〜 r . 0.974* non-intercept Oo = l -28d;c 
* p < 0.0001, 8^ = the predicted value of overall VSR 
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Line fit plot for the overall VSR 
1.6 
I � . 8 . — : ^ ^ 5 ^ 
0.4 ^ ^ o OverallVSR 1 
^ ^ < ^ ^ o ― ^ R-edfcted Overall VSR 
0.0 J 
0.0 0.4 0.8 1.2 1.6 
0.277(VSR_LCMH0.6010^SR_lC) 
Figure 8.1 Line fit plot of the overall VSR vs. the predicted value from the 
calculation (0.2776LCM +0.6015IC) 
8.1.3 Effect of attenuation interval 
8.L3J On VSR value 
The calculation of overall VSR and the VSR of the various anatomical levels 
for both attenuation intervals, ‘ -190HU to -30HU' and ‘-250HU to -50HU', and the 
relative values wi th respect to the corresponding measurements were shown on Table 
8.4. The difference for the overall VSR in the two intervals was about 4% which was 
much less than the attenuation interval differences in the A T volumes. At the L C M 
level, the VSR measured by both intervals were nearly the same. At the mid-abdomen 
region (LCM, MD), U M B and IC levels) the differences in VSR between the 2 
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attenuation intervals were only 3% or less. At the pelvic region, the difference 
increased up to 16%. However, at the DOD and XJP levels, the VSR measured by 
the'-250HU to -50HU' interval were 39% and 25% respectively higher than those 
measured by the '-190HU to -30HU' interval. 
Generally, the VSR measured by interval ‘ -190HU to -30HU' was always 
higher than those of interval '-250HU to -50HU'，except those at the levels of 
diaphragm and xiphoid (Figure 8.2). 
Table 8.4 Mean VSR of overall sample volume and in various anatomical levels 
measured at both attenuation intervals, and their relative values (inside 
blankets) with respect to the ‘-190HU to -30HU' interval 
VSR Attenuation interval Attenuation interval 
-190HU to -30HU -250HU to -50HU 
So 0.591 (100%) 0.569 (96%) 
SooD 0.803 (100%) 1.115 (139%) 
SxiP 0.911 (100%) 1.141 (125%) 
SiCM 1.065 (100%) 1.060 (100%) 
SMiD 0.854 (100%) 0.819 (96%) 
SuMB 0.584 (100%) 0.559 (96%) 
Sic 0.492 (100%) 0.478 (97%) 
Susi 0.398 (100%) 0.378 (95%) 
4 s / 0.385 (100%) 0.359 (93%) 
Sps 0.099 (100%) 0.083 (84%) 
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Figure 8.2 Comparison of VSR at various anatomical levels measured by both 
attenuation intervals 
8.1.3.2 On correlation and prediction results 
Very similar correlation results were shown in the data measured by both 
attenuation intervals of adipose tissue adopted in this study. The correlation 
coefficients (R value) and the significance (p value) were found to be more or less the 
same, again except at the DOD, XIP and PS levels (Table 8.5). 
Very similar regression results were also demonstrated in the data measured 
with both attenuation intervals of adipose tissue adopted in this study. All the 
equation structure, the related variables, the correlation coefficients (R value) and the 
significance (p value) were found to be the same, although there were minor 
differences in the constants and coefficients of the variables (Table 8.6). 
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Table 8.5 Correlation coefficients of the overall VSR with the VSR of different 
anatomical levels, measured at both attenuation intervals 
VSR Attenuation interval Attenuation interval 
-190HU to -30HU -250HU to -50HU 
— - - — 
So 1 1 
5ooD 0-358 0.438 
5xiP 0.470 § 0.493 § 
4cM 0.966 * 0.966 * 
5MiD 0.895 * 0.888 * 
SuMB 0.877 * 0.887 * 
Sic 0.948 * 0.951 * 
Susi 0.863 * 0.909 * 
Sisi 0 . 7 5 4 A 0.753 八 
Sps 0.311 0.413 
*p<0.0001,^p<0.0005, §p<0.05 
Table 8.6. Predictive equations of the overall VSR for both attenuation intervals 
Equation for attenuation R^  Equation for attenuation R^  
interval -190 to -30 HU interval -250 to -50 HU 
4 = 021l5,cM + 0.60l4c 0.996* 4 二 0.254¾^^ +0.631�c 0.996* 
4=0.461&cA^+0.0998 0.934* 4=0.431^^^+0.112 0.933* 
式 = 1 . 2 8 ¾ : 0 . 9 7 4 * <5, = 1 . 3 0 〜 0 . 9 7 2 * 
* p < 0.0001, Sg 二 the expected value of overall VSR 
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8.2 VTR 
Similar to VSR, the calculation of overall VTR, was based on Equation 6.8 
while the VTRs of the anatomical levels were derived from Equation 6.9. The results 
were summarised on Table 8.7 and Figure 8.4. VTR was high at the DOD level 
(about 75% of the peak value) and increased gradually to the peak at the LCM level. 
Then it went down gradually down to the PS level (about 20% of the peak value). 
Table 8.7 Statistical summary of measured VTR 
VTR mean sd min. max. 
- — 
Overall Ao 0.346 0.122 0.116 0.598 
Dome of diaphragm ApoD 0.351 0.187 0.175 0.821 
Xiphoid Ax/P 0.400 0.173 0.205 0.822 
Lower costal margin AtcM 0.467 0.158 0.096 0.756 
MidwaybetweenLCM&IC AM/o 0.423 0 . 1 4 1 0 . 1 4 0 0 . 6 7 1 
Umbilicus AuMB 0.350 0.108 0.157 0.588 
Iliac crest A/c 0.313 0.105 0.157 0.525 
Upper sacro-iliac joint Aus/ 0.269 0.106 0.133 0.480 
Lower sacro-iliac joint Ats/ 0.260 0.110 0.113 0.501 
Pubic symphysis Aps 0.085 0.071 0.001 0.218 
8.2.1 Correlation 
After the processing of 'Bivariate Correlation', the overall VTR (4,) was 
found to be correlated to the VTR at the levels of the lower costal margin, the iliac 
crest, the midway between them, the umbilicus, the upper and lower SI joint {ALCM， 
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A/c, AMID, ^UMB, ^usi and Aisi)- The results were shown in the Table 8.8. The 
findings resembled to that found in VSR. The correlation coefficients of the VTR and 
VSR at the corresponding level were very similar. 
8.2,2 Prediction 
By the regression method, the overall VTR (4,) was also found to be 
predictable with the VTR at LCM and IC levels {AicM and Ajc), as in the findings of 
VSR. The predictive equations were shown in the Table 8.9. 
Table 8.8 Correlation coefficients, R, of the overall VTR with the VTR of 
various anatomical levels 
_ ™ ™ ™ ™ ™ ™ ™ ™ ™ ™ ~ ™ ™ ™ ~ ~ ~ ~ ~ ™ ~ ~ ™ ~ ~ ~ ~ ~ ~ " ™ ™ ™ ™ ~ ~ ~ ™ ~ ~ ~ ™ " — ™ " ™ ~ ~ > “ — ™ ™ - — ^ — 丨 — ^ ~ " ™ — ^ — — 
VTR Correlation coefficient, R 
Overall Ao 1 
Dome of diaphragm Aooo 0.430 
Xiphoid Axip 0.534 § 
Lower costal margin AicM 0.946 * 
Mid-level between LCM & IC AMio 0.919 * 
Umbilicus AuMB 0.873 * 
Iliac crest Aic 0.923 * 
Uppersacro-iliacjoint Ausi 0.869 * 
Lower sacro-iliac joint Aisi 0.807 八 
Pubic symphysis Aps 0.345 
*P<0.0001,^P<0.0005, §P<0.05 
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Table 8.9 Predictive equations of the overall VTR 
Equation R^  model 
A o = 0.416A LCM + 0.494A ,〔 0.996* non-intercept 
A , = 0 . 1 4 1 A , C M 0.989* non-intercept 
A o = 1.104A ic 0.984* non-intercept 
* P < 0.0001， A^ = the predicted value of overall VTR 
Line fit plot for the overall NH"R 
0.6 ^ D ^ 
.。.4 ^ ^ 
？ j ^ 
I ^y^ 
o d x ^ 
0.2 ^ ^ 厂 ~ ~ ~ -
q ^ • Overall VTR 
|~—Predicted Overall V7R 
0.0 
0.0 0.2 0.4 0 6 
0.416(VTR_LCMH0.4940^TR_IC) 
Figure 8.3 Line fit plot of the overall VTR vs. the predicted value from the 
calculation (Ml6Au:M +0.494^4/c) 
The expected value of the overall VTR predicted from both variables was 
very close to the actual value similarly (Figure 8.3). The R^ values for the equations 
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derived from both the LCM and IC levels were as high as 98%. Even for individual 
level the R^ value was 90% or more. 
8.2.3 Effect of attenuation interval 
8.2.3.1 On VTR value 
Table 8.10 Mean VTR of overall sample volume and in various anatomical levels 
measured at both attenuation intervals, and their relative values (inside blanket) 
with respect to the ‘-190HU to -30HU' interval 
• lt,.»>_!«W_l»»»^«»X««»«»«l">»»»*»»>»«»«^"»°«»«**«»**«°ljl、l_»_.i|_"*.-.，"l**^***"__._WU"*J*°[:-"_【"**°*ir「*>"^**^、*"、^ -^ ^^-^^'- »WO»> 4^-•4^.,v^ o^«4l^v>.^ .^^l.^,：f¢.| .,.,i_n ,^,^ >y^ .^  .v,.^. ,^ ^^  . ^ . ^ », ,,,.,,.,,,, ,m,rm%mm^m, 
VTR Attenuation interval Attenuation interval 
-190HU to -30HU -250HU to -50HU 
Ao 0-346 (100%) 0.334 (97%) 
AooD 0.351 (100%) 0.385 (109%) 
AxiP 0.400 (100%) 0.421 (105%) 
ALCM 0.467 (100%) 0.455 (98%) 
AMID 0-423 (100%) 0.409 (97%) 
AuMB 0.350 (100%) 0.340 (97%) 
A,c 0.313 (100%) 0.305 (98%) 
Ausi 0.269 (100%) 0.255 (95%) 
ALsi 0.260 (100%) 0.240 (93%) 
Aps 0.085 (100%) 0.073 (86%) 
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The calculation of mean overall VTR and the VTR of the various anatomical 
levels for both attenuation intervals, '-190HU to -30HU' and '-250HU to -50HU', 
were shown on Table 8.10. The overall VTR measured with the '-190HU to -30HU' 
interval was about 3% higher than those with the '-250HU to -50HU' interval. The 
VTR at various levels were similar on both attenuation intervals, except those at the 
DOD, XIP and PS levels (Figure 8.4). 
Generally, the -190HU to -30HU interval measured a slightly, larger VTR 
than the -250HU to -50HU interval did. Better agreement between the VTR measured 
by the 2 attenuation intervals was seen also in the mid-abdominal region. 
Mean VTR in both attenuation intervals 
0*5 "I.'•••~~ ‘ ““ “ “ “ , 
0.4 p T ] ~ ~ r ~ H a ( - 1 9 0 t o - 3 0 H U ) | 
__ 广 r _ ^ • (-250 to -50 HU) 
OC "1 ~1 鬥 ^ i 
^ 0.3 — — — — — — ~ ~ r M ： c n ~ i n a ~1 I 0 .2 - — — — — — — — — I 
0 . 1 - - — — — — — 一 一 — I 
0.0 I U I u I I u 1 I I I U I I [, i 1 § 尝 I i I ^ § ^ ^ > 
a Anatomical level 
Figure 8.4 Comparison of VTRs at various anatomical levels measured by both 
attenuation intervals 
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8.2.3.2 On correlation and prediction results 
Similar correlation results were shown in the VTR measured by both 
attenuation intervals of adipose tissue using in this study (Table 8.11). The correlation 
coefficients (R value) and the significance (p value) were found to be more or less the 
same between the 2 attenuation intervals. Unlike the findings seen in VSR, the 
discrimination of VTR between the 2 attenuation intervals at the diaphragmatic 
region was small, even smaller than those at the mid-abdominal region. 
Table 8.11 Correlation coefficients of the overall VTR with the VTR of different 
anatomical levels measured by both attenuation intervals 
VTR Attenuation interval Attenuation interval 
-190HU to -30HU -250HU to -50HU 
"~' — ~-.~ -.~...~ ^ .. -.. ™ "•“ "~"~*-
^ o 1 1 
AooD 0.430 0.455 
Ax,P 0.534 § 0.523 § 
ALCM 0.946 * 0.949 * 
AM!D 0.919* 0.912* 
AuMB 0.873 * 0.909 * 
Aic 0.923 * 0.934 * 
Ausi 0-968 * 0.891 * 
ALsi 0 . 8 0 7 A 0.779 八 
Aps 0.345 0.444 
^ 7 J ^ a O O O v 5 < 0 ^ 5 , §p<0.05 “ ~ ~ ™ ~ ~~~“"“““™ 
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Similar regression results were also demonstrated in the data measured by 
both attenuation intervals of adipose tissue adopted in this study. All the equation 
structure, the related variables, the correlation coefficients (R value) and the 
significance (p value) were found to be the same, although there were very little 
differences in the constants and coefficients of the variables (Table 8.12). 
These findings may also suggest that the two attenuation intervals used to 
measure the adipose tissue has minimal influence to the correlation between the 
overall VTR and the VTRs at both LCM and IC levels. 
Table 8.12 Predictive equations of the overall VTR for the attenuation interval -
190HU to -30HU and -250HU to -50HU 
Equation for attenuation R^  Equation for attenuation R^  
interval -190 to -30 HU interval -250 to -50 HU 
i 
A, =0.416A^ +0.494A,c 0.996* A, =Q421A^ +Q574A,^ -Q032 0.978* 
A.=0.741A^, 0.989* A,=0.733A^, 0.987* 
A, = 1.104A,c 丨 0.984* A, = 1.099A,, 0.984* 
* p < 0.0001, A^ = the expected value of overall VTR 
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8.3 VSR vs. VTR 
The correlation between overall VSR and overall VTR is high (R^=0.961 in 
linear regression). Furthermore, they can be predicted well from each other. If their 
relationship is expressed through a 3'^ order polynomial (cubic) equation, the value of 
R2 is greater than 0.9999. 
Linear relationship 
60 = 2.781Ao - 0.373 (R-=o.96i, p<o.oooi) pe. 9.1 
Ao = 0.2456o - 0.142 (R^ =o.96i,p<o.oooi) pe. 9.2 
Cubic polynomial relationship 
5。= O. l l lAo^ - 0.464A。2 + 0.835A。- 0.079 
(R^=i.ooo, p<o.oooi) pe. 9.3 
Ao = 8.0036o^ - 4.3236o^ + 2.405¾ - 0.120 
(R^=i.ooo, p<o.oooi) pe. 9.4 
Both VSR and VTR varied thorough the anatomical levels and the correlated 
with other parameters in similar manners. VTR is a direct index for the proportion of 
abdominal AT storing in the visceral cavity, while VSR is an enhanced index for fat 
distribution. 
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8.4 VSR, VTR, Sex and Age 
The VSR and VTR among the various anatomical levels were analysed by 
Simple Factorial ANOVA. Sex and level differences had significant effects on the 
overall VSR and VTR, as well as the planar VSR and VTR among the various 
anatomical levels in the study population (p<0.001). When similar analysis was 
applied to the 5 male and 5 female subjects with matched TAT volume, the effects of 
sex and level differences on the mentioned variables were also significant (p<0.001). 
Figure 8.5 showed the VSR and VTR of both genders. Men always had higher 
VSR and VTR measurements than women for the overall volume as well as at all the 
anatomical levels. However, the pattern of variation of mean VSR and VTR in the 
male subgroup were quite different from those of the female. The difference was 
exceptionally bigger in the DOD, XIP and LCM levels. 
In men, both mean VSR and VTR were very high at the DOD level (about 
80% of their peak values). They increased gradually and reached their peak values at 
the LCM level. Then they decreased from the peak and reached their minimum value 
at the PS level (about 10% and 20% of their peak values respectively). 
In women, both mean VSR and VTR were high at the DOD level (about 50% 
and 60% of their peak values respectively). They increased gradually and reached 
their peak values at the MH) level. Then they decreased from the peak and reached 
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their minimum value at the PS level (about 10% and 20% of their peak values 
respectively). 
(a) mean VSR 
1.6 ^ — 
1.4 [0 
聚 ：;.： 
1.2 H I I 一 Bmale ~ ~ 
1.0 m I j ^ Dfemale —— 
i : f ^ - 现 n - ^ ^ ^ ^ = = ^ 
: 1 ^ ^ ^ ^ ^ ¾ ¾ ¾ ^ ^ ¾ ¾ ^ 
0.2-I "1 ~| - | ~| —_ HI ~ i > ^ ^ 
n n � 4 I _ I _ �1”1 ^ ‘ _ I ^ I _ I ^ I ^^ I i h 
1 8 奏 I i i ^ § 3 ^ 
0) LJ � � o 
(b) mean VTR 
0.6 1 — 
, ; : i M S 0 0 -网 I _ I • I _ I • I 糊 I i f i _ _ • n l + is —_L__1一_ _ Q Q- 2 Q CQ o - _ 7T^ I § ^ ^ i i - 竺 3^ 纪 > o 
Anatomical level 
Figure 8.5 Histogram showing the (a) VSR; & (b) VTR of the female and male 
subgroups. Men always had a higher VSR & VTR than women. 
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(a) mean VSR 
1.8 n 
1.6 — 
1.4 D10 subjects 
12 — _male 
^ 1.0 Ofemale w Gg _ p “ ~ 
: I _ J ^ - —JL— - ^ I " I " ^ t t j i i 
1 § 奏 I i I ^ § 3 ^ > 
0 
(b) mean VTR 
0.6 n = 
� .5 I p ' - ^ ~ ~ ~ 
^ : : : : i i f g ' M f i S 
: J _ l _ _ _ M f f l 
1 § 奏 I i 謹 g § ^ ^ 
o 
Anatomcial level 
Figure 8.6 Histogram showing the (a) VSR; & (b) VTR measured in the selected 
5 male and 5 female subjects with matched total TAT volumes 
When similar analysis was applied to the 5 male and 5 female subjects with 
matched TAT volume, the trends of variation among the various anatomical levels 
and the levels of peak VSR or VTR value in these 5 couples were similar to those of 
the overall population (Figure 8.6). 
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Nevertheless, in the selected subgroup, the peak value of mean VSR in men 
was more than 2 times as those in women; and the peak VTR in men was 1.5 times as 
those in women. The difference in VSR and VTR between men and women in the 
selected subgroup were larger compared to those in the entire study population. 
8.4.1 Correlation 
Table 8.13 Correlation matrices between overall VSR (4) , overall VTR (4,), AT 
volume {VTyVv & Vs)，sex and age. 
8o ^o ^T Vv Vs age sex 
do 1 
Ao 0.98 * 1 
VT -0.10 -0.10 1 
Vy^  0.43 0.45 § 0.79 * 1 
Ys -0.41 -0.42 0.92* 0.50§ 1 
age 0.61 t 0.62t 0.36 0.59$ 0.14 1 
sex 0.52§ 0.57t -0.23 0.16 -0.43 -0.10 1 
*p<0.()001, tp<0.005, $p<0.01.§p<0.05 ~ " ~ ~ ‘ 
The data were analysed for the correlation between overall VSR, overall VTR, 
AT volume, sex and age. Table 8.13 showed the correlation matrices between these 
variables measured by the attenuation interval of -190HU to -30HU. There was no 
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statistical correlation between overall VSR and the TAT volume, or between overall 
VTR and the TAT volume. h\ other words, the fatness of an individual did not relate 
to the distribution of AT. However, both sex and age correlated positively with the 
overall VSR and VTR. 
8.4.2 Prediction 
Either VSR or VTR can be predicted from the subject's age and sex, with the 
following equations obtained from linear regression. For VSR: 
So = 0 . 0 0 8 3 2 a + 0 .333y 
(no-intercept model, R=0.957, adjusted R^=0.906, p<0.0001) p e . 8 . 1 
(a = age, in integral) 
(y denote gender: y is equal to 0 in female, and 1 in male ) 
Therefore, in female: 4 = 0.00832a pe 8.1a 
in male: So = 0.00832a + 0.333 pe 8.1b 
Similarly, for VTR: 
Ao = 0 . 0 0 4 9 0 a + 0 .162y 
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(no-intercept model, R=0.988, adjusted R^=0.973, p<0.0001) p e 8 . 2 
Therefore, in female: 4> = 0.00490a pe 8.1a 
in male: 4> = 0.00490a + 0.162 pe 8.2b 
8.4.3 VSR and VTR increase with age 
There was an obvious trend that both VSR and VTR increased with age. As 
mentioned in the previous chapter, VAT increased linearly with age in men whereas 
there was an accelerated increase of VAT with age in women. Similar trends were 
demonstrated in VSR and VTR in this study. 
Between the overall VSR and the age, the linear trendline showed limited 
correlation (R^<0.37) for the whole study population. A higher correlation was shown 
when the linear trendline was plotted separately for different sex (R^>0.67 for men, 
R->0.55 for women) as shown on Figure 8.7 and Table 8.14. The increase of VSR in 
women was faster after the age of 50 years, therefore an accelerating trendline 
(quadratic) gave better correlation (R">0.72). When the subjects of age below 50 of 
both sexes were excluded, the resultant linear trendline was also better than that of 
the whole population (R^0.53). 
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Increase of overall VSR with age 
(a) linear model 
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Figure 8.7 The scatter diagram of overall VSR plotting against the age of subject 
in male and female subgroups. Trendlines of (a) linear model and (b) quadratic 
model were drawn. Note the great improvement in the R^ of quadratic trendline 
from the linear one in females only. 
A similar finding in age and gender differences was also found in VTR 
(Figure 8.8 and Table 8.14). Obviously both the VSR and VTR were higher in men 
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than in women. They also increased with age. However, in women, the increase was 
slower in younger age and faster in elder age. 
Increase of overall VTR with age 
(a) linear model 
0.6 n ^ ^^^^ ^  • rn^ lo 
0.5 ——y = 0.0048x + 0.1667 ^ ^^,,^*^"^ 
fl； R2 = 0.7279 ^ ^ " ‘ ^ • ^ 0.4 — ^ • femate 
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(b) quadratic model 
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Figure 8.8 The scatter diagram of overall VTR plotting against the age of 
subject in male and female subgroups. Trendlines of (a) linear model and (b) 
quadratic model were drawn. Note the improvement in the R^ of quadratic 
trendline from the linear one in females only. 
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Table 8.14 The correlation coefficient, R^ for the linear and quadratic trendlines 
of overall VSR and VTR in the overall sampled subjects and the sex and age 
subgroup. 
R2 for the linear R^  for the quadratic 
trendline trendline 
‘ “ 、............，.VU.,“.W~~ -•" ~~Y -
VSR VTR VSR VTR 
20 Subjects 0.37卞 0.38卞 0.42§ 0.41 § 
Females 0.55 § 0.60§ 0.72§ 0.69§ 
Males 0.68§ 0.73 n 0.69$ 0.73$ 
Subjects age >50 0.54§ 0.60+ 0.54 0.60§ 
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Ch a p t e r 9 
DISCUSSION 
9.1 Absolute AT Content (Amount) 
Fat accumulation was found to be variable among the study population with a 
wide range of adiposity (Table 7.1). According to the classification of Matsuzawa Y 
et al. (1995)，only 4 subjects in this population had subcutaneous fat obesity while the 
others had visceral fat obesity. The abdominal fat content of the most obese subject 
was nearly 20 folds that of the most slim one. 
9.1,1 A T areas of various anatomical levels 
AT areas were variable among the selected anatomical levels. Both VAT and 
SAT deposition have their own trend and level of peak accumulation. There might be 
a characteristic in the cephalo-caudal distribution of fat in both subcutaneous and 
visceral compartments. Would this characteristic be associated with the clinical 
conditions related to obesity? How can this characteristic be quantified? For example, 
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would it be practical to use the ratio of AT area at the LCM level to those at the IC 
level? This may be a interesting topic in the future researches. 
9.1.1.1 Correlated to A T volume 
Good correlation can be shown between the overall fat volume and the 
corresponding fat areas at various anatomical levels (Table 7.5). The exception was 
only found in VAT or AVAT. At both ends (diaphragm and pubic symphysis), the 
VAT areas did not correlate with the overall VAT or AVAT volume. As the 
intraabdominal cavity ceased gradually at both ends, the amount of VAT at those sites 
was mainly controlled by the anatomical configuration rather than obesity itself. 
9.1.1.2 Prediction of abdominal A T volume: the best level 
From the regression analysis, AT areas obtained from the mid-abdomen, i.e. 
from the LCM to the IC level were highly predictive of the overall abdominal AT 
volumes. The finding was consistent with the fact that both abdominal SAT and VAT 
are mainly deposited in the mid-abdominal region. Therefore, to quantify the 
abdominal obesity, AT area obtained from single CT slice measurement on LCM, 
MID, UMB or IC is usually accurate, reliable and representative. Similar conclusion 
can also be made on the single slice measurement at any one of vertebral or disc 
levels from the 2"^  to 5'^  lumbar vertebrae. 
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From the practical view point, LCM or IC level is recommended for the single 
slice fat measurement, as the relevant skeletal landmarks can be identified easily and 
can be directly set as the reference landmark on the CT scanner. Scout view or survey 
scanogram is thus not required prior to acquiring the axial image. This would result in 
less radiation dose as well as CT running time. MID is not considered because it is a 
complicated landmark. Its location requires the prior identifications of both LCM and 
IC. The UMB, a surface landmark being identified easily both on CT image and 
directly on the skin surface, has a problem of its mobility during positioning, 
especially on very obese subjects. Its location is not constant with respect to the 
skeletal landmark, varying from about 3cm above to 2cm below the IC. (Three out of 
the 20 subjects had overlapped UMB and IC level.) There are both individual 
variations and positional differences. The LCM or IC level itself does not have these 
problems. If there is any doubt on identifying the LCM or IC landmark in very obese 
individuals, an antero-posterior scout view can be added. 
The regression result also agreed with several previous studies aiming at 
determining the best level for single slice method to obtain the overall AT volume, 
despite the use of CT multiscan method in some of these studies (Kvist H et al. 1988; 
Armellini F et al. 1996) and MRI technique in the others (Ross R et al. 1992; Abate 
NetaL 1997). 
Therefore, the LCM level, which is equivalent to the 3'^ lumbar vertebral 
level, can better predict the VAT volume of the abdomen. On the other hand, the IC 
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th th 
level, which is equivalent to the 4 - 5 lumbar intervertebral level and can be 
roughly assumed to be the umbilical level, is slightly better in the prediction of SAT 
and TAT volume in this study. On the whole, either level is reliable and 
representative, but the LCM level seems to be slightly superior to the IC level. 
9.1.2 Linear A T Dimension 
9.1.2.1 Correlated to A T volume 
Very good correlation was shown between SAT linear dimensions and the 
overall SAT volume. There was also good correlation between SAT linear 
dimensions and the overall TAT volume, although the findings were much weaker 
than from the overall SAT. Only 4 of them demonstrated a significant correlation 
with the overall intraabdominal VAT or overall AVAT volume. 
On the other hand, there was good correlation between most of the linear 
VAT measurements and the overall AVAT or VAT volume. There was also good 
correlation between these VAT linear dimensions and the overall TAT volume, 
although the findings were much weaker than those seen in the overall VAT. Only 6 
of them demonstrated a significant correlation with the overall SAT volume. 
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The findings are readily understandable. The overall SAT volume is the third 
order dimension representing the amount of body SAT in the sampled volume 
whereas the SAT thickness is the first order. It is no surprise that a close relationship 
can be demonstrated. Although fat is deposited into the visceral and subcutaneous 
compartments in different favours, the overall SAT volume still correlated 
significantly with the overall AVAT volume (R=0.51, p<0.05). This explained why 
there was still correlation between a few linear SAT measurements and the overall 
AVAT volume. 
Similarly, the overall AVAT volume is the third order dimension representing 
the amount of intraabdominal VAT whereas the linear VAT measurements are the 
first order. It is also reasonable to demonstrate a close relationship between them. 
However, the correlation between the overall VAT deposit and the linear VAT 
measurements were less strong as the correlation between the overall SAT deposit 
and the linear SAT measurements. This finding may imply a greater variation in the 
configuration of fat deposition inside the intraabdominal cavity. Despite different 
favours in the fat deposition into the visceral and subcutaneous compartments, the 
presence of association between the overall SAT volume and the overall AVAT 
volume explained the correlation of a few linear VAT dimensions with the overall 
SAT volume. 
The correlation between AT volumes and linear SAT measurements at the 
LCM level was strongest, whereas those for linear VAT measurements were strongest 
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at the perirenal region at the right renal hilar level. These linear AT measurements 
were essentially at the LCM level or very close to the LCM level. This finding agreed 
with the result that the AT volumes can be best correlated with and best predicted 
from the AT area at the LCM level. 
9,1.2.2 Prediction of abdominalAT volume 
Being the 1'' order AT dimension, the linear AT measurements were 
correlated with and predictive of the overall AT volume in the sampled volume of the 
body. The overall AT volume can be predicted from many combinations of these 
linear AT measurements. If the prediction is to be applied in the in practical aspect, 
the equations with parameters coming from one anatomical level will be least 
laborious for calculation. For example, to obtain the overall SAT volume in the 
abdominal region, researchers only need to measure the SAT thickness in front and 
behind along the midline at the LCM level, or para-sagittally at the UMB level. At the 
same time, the VAT thickness around the right kidney at the LCM level or the VAT 
thickness next to the psoas muscle at the UMB level can be measured to predict both 
the overall AVAT and overall TAT volume. 
However, there are many choices of user-friendly computer software available 
commercially. The measurement of AT area using these reliable facilities is not very 
difficult. CT scanner-coupled workstation(s) can provide powerful post-processing on 
the CT images. This includes not only the area measurement within user defined 
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range of CT number, but also histogram based analysis, multi-planar reformat and 3D 
rendering. The situation is also true for MRI. In contrary, the linear measurements are 
more operator dependent and hence more difficult to reproduce. Unless there is no 
such software available in the research centre, linear AT measurements should be 
considered second best because of their lower reproducibility. 
On the other hand, the correlation found between the AT volumes and the 
linear measurements may provide ajustification for AT estimation by the inexpensive 
and radiation free ultrasound method. Prediction of the overall fat amount can be 
made by ultrasound measurement of AT thickness at the specified anatomical 
location. For example, it may be possible to use the peri-renal fat measurements to 
predict the VAT volume, or the para-umbilical SAT thickness to predict the SAT 
volume. Standardisation of the ultrasound scanning technique is important as it is 
more operator dependent. Calibration by other gold standard will be required because 
of the postural variation of fat distribution and the local pressure application during 
ultrasound scan. 
9.2 AT Distribution Indices: VSR and VTR 
Both VSR and VTR correlated with other parameters in similar manners. 
VTR is a direct index for the proportion of abdominal AT stored in the visceral 
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cavity, while VSR is an enhanced index for fat distribution. Both are very good terms 
to quantify the body fat distribution and can thus be used alternatively. VTR is a 
simple index for describing the VAT proportion while VSR may be more superior in 
dealing with the association with other parameters. 
The VSR and VTR at the umbilical level had been widely used to quantify the 
distribution of AT in the subcutaneous and visceral compartment (Rissanen J et aL 
1994; Schapira DV et aL 1994; Chowdhury B et aL 1996; Yamashita S et aL 1996; 
Shinohara E et aL 1997). They had been found to be associated with many medical 
conditions as mentioned in Chapter l.They were also used to classify the type of 
obesity (Matsuzawa T et aL 1995). 
There was no statistical correlation between overall VSR and the TAT 
volume, or between overall VTR and the TAT volume. In other words, the fatness of 
an individual did not necessarily relate to the distribution of AT. This finding agreed 
with previous study done by Kvist H et aL (1988). 
The overall VSR (and VTR) was found to be significantly correlated to the 
VSR (and VTR) at the mid abdominal region (LCM, MID, UMB and IC), similar to 
the findings in AT volumes. Furthermore, the overall VSR could be predicted 
currently from the VSR at the LCM and IC levels. Similarly, the overall VTR could 
also be predicted from the VTR at the LCM and IC levels. 
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9.2.1 The best level 
The best levels of correlation and regression were consistent in both the AT 
distribution indices and the absolute AT content. These levels are located mainly at 
the mid-abdominal region. As explained above, LCM or IC level is recommended for 
the single slice fat measurement CT technique. The AT areas measured at these 
recommended levels would be most reliable and representative to the overall 
abdominal adiposity. It would be most convenient that the derivation of both the 
absolute AT content and the AT distribution indices can be made from AT 
measurements at these levels. 
9.3 Sex and Age Differences 
9.3.1 Absolute ATcontent 
There were definite differences in the fat accumulation between the male and 
female subjects in this study. Sex differences were also shown in the subgroup of 
matched abdominal adiposity (10 subjects). The trend of variation and the peak level 
of AT accumulation were unique in both sexes. When equal amount of abdominal fat 
was deposited, women would preferentially store fat in the subcutaneous 
compartment; while men would store it equally in the subcutaneous and visceral 
compartments. 
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Among the volumetric AT measurements, only overall AVAT or VAT 
volume correlated with the age of the subjects. This suggested VAT deposition 
increased with age. 
Whilst VAT depot increased with age, SAT accumulation was not associated 
with age in this study. The finding agreed with other previous studies (Kotani K et aL 
1994; Lemieux S et al 1995 & 1996). These studies usually adopted the 
anthropometric, multiscan or single slice CT method. The present study showed that 
both AVAT ( or VAT) volume and VAT areas at levels usually used in the single 
slice CT methods (IC level, UMB level, 3'^ 4出 and 5山 vertebral levels) were 
positively correlated to age. 
Furthermore, significant correlation was also demonstrated between age and 
VAT areas of all specified anatomical levels except those at DOD and PS which were 
at the ends of the intraabdominal cavity. The results in Table 7.9 showed there was 
difference in the rates of increase in VAT depot with age at the various anatomical 
levels. The MID level demonstrated the highest rate, and this was followed by the 
LCM level, the UMB level and the IC level. If a study using single CT slice method 
was carried out to investigate the increase of VAT depot with age, the above 
mentioned anatomical levels would be the best choice. 
In men, linear correlation with age was shown in AVAT and VAT volumes, 
as well as VAT areas at the levels of LCM, MID, UMB and IC. This implied a 
115 
Chapter 9: Discussion 
positive, linear relationship between the absolute intraabdominal VAT content and 
age in men. 
In women, a non-linear correlation with age was shown among the AVAT and 
VAT volumes. Significant linear correlation with age was not demonstrated among 
all the AT volumes and areas, except the VAT areas at the levels of MID and IC. This 
implied that the increase of intraabdominal VAT content was accelerated by age in 
women. At the LCM level, a non-linear correlation with age was also shown. 
However, the increases of VAT areas with age at the levels of MID and IC were more 
likely in a linear model. In women, the pattern and the rate of increase in VAT depot 
with respect to age may be distinctive at different anatomical levels. 
9.3.2 VSR and VTR 
Men always had higher VSR and VTR measurements than women for both 
overall volume and single slice area measurement. Definite sex differences were 
found in the level of highest VSR and VTR value. There was also a variation among 
the various anatomical levels between the sexes. 
There was no statistical correlation between overall VSR and TAT volume, or 
between overall VTR and TAT volume, bi other words, the fatness of an individual 
did not relate to the distribution of AT. However, both sex and age correlated 
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positively with the overall VSR and VTR. Either VSR or VTR can be predicted from 
the subject's age and sex. This implied a great dependence of VSR and VTR on sex 
and age. Both VSR and VTR are higher in men than in women. 
h\ women, the increase of VSR and VTR were slower in younger age and 
accelerated in older age, especially after the age of 50. The trend of increase was non-
linear and accelerating. On the other hand, in men the trend of increase in overall 
VSR with age was solely linear. The overall trend of increase in VSR and VTR was 
similar to VAT increase with age in both men and women. 
According to Kotani K et aL (1994)，the relative intraabdominal visceral fat 
volume (VTR) increased with age and the increase was similar for men and in post-
menopausal women. In addition, they also suggested that the accumulation of VAT is 
markedly accelerated after menopause in women. Moreover, Heymsfield SB et aL 
(1994) reported that there are changes of body composition, including weight gain 
and increases in total body fat, among American women after menopause. The results 
in VSR and VTR in this study agreed well with their results and so were the findings 
in the gender and age difference in the absolute intraabdominal VAT content. 
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9.4 Difference in Attenuation Interval 
9AA Absolute ATcontent 
Compared to the attenuation interval '-190HU to -30HU', the use of the ‘-
250HU to -50HU' interval covered more pixels at the negative end (air-fat and air-
soft tissue interfaces) and fewer pixels at the less negative or positive end (fat-soft 
tissue interface). Obviously, the gain at the negative end was unable to cover the loss, 
according to the results shown in Table 7.12. Therefore it measured less on the 
whole. The discrimination was less in the measurements of SAT which was located 
next to air, so the '-250HU to -50HU' interval had an advantage at the extensive air-
soft tissue interface. Nevertheless, their differences were considerable in VAT and 
AVAT measurement. Use of the '-250HU to -50HU' interval inside the visceral 
cavity resulted in the exclusion of too many pixels of the fat-soft tissue interface and 
a gain in too fewer pixels of air-fat and air-soft tissue interfaces. 
The correlation and regression results were essentially the same in the data 
measured by both attenuation intervals. The structure and significance of these 
equations were similar, but the coefficients of the variables were different. 
Therefore, the choice of attenuation interval can seriously affect the absolute 
amount of AT measured, but has no effect on the choice of best anatomical level. 
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Careful selection of attenuation interval was critical for AT measurement using CT 
technique. 
9.4.2 VSR and VTR 
The VSR and VTR measured by interval ‘ -190HU to -30HU' was always 
higher than those of interval '-250HU to -50HU', except those at the levels of 
diaphragm and xiphoid (Figure 8.2 & 8.4). This phenomenon was also due to 
extensive air-fat interfaces and air-soft tissue interfaces next to the diaphragm. The 
interval '-250HU to -50HU' measured more on these interfaces than the '-190HU to -
30HU' interval did . Since these interfaces were located inside the visceral cavity by 
definition, there were sudden increases in the visceral AT area and hence the VSR at 
these levels. At the PS level, where the pelvic floor is formed by muscles, using the 
attenuation interval '-190HU to -30HU' resulted in a much higher VSR than using 
the interval '-250HU to -50HU'. 
These findings suggested that the choice of attenuation interval in the 
measurement of adipose tissue has a relatively minor influence on the overall VSR or 
VTR compared to the absolute amount of AT, except at the diaphragmatic region. 
Careful selection of attenuation interval was still essential for CT studies on AT 
distribution. 
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Very similar correlation and regression results were shown in the data 
measured by both attenuation intervals adopted in this study. These findings 
suggested that the attenuation interval measuring the adipose tissue has no effect on 
the choice of the best anatomical level. 
Limitation 
Studypopulation 
In this study, the sampled population was not composed of normal volunteers 
but it was a mixed group coming for CT abdomen and pelvis for a variety of 
suspected medical conditions. Patients with gross abdominal diseases that might 
affect the fat measurement were carefully excluded. A normal control group was not 
used because of ethical concerns in exposing normal individual to unnecessary 
radiation. Still the correlation and regression analysis on the AT measurements gave 
excellent results which agreed with the previous studies on normal subjects. 
The study population was small in size (20 subjects only). The sample size 
was limited by time for measurement and the number of suitable candidates after 
exclusion of patients in whom intraabdominal diseases could distort abdominal fat 
distribution. The findings in the association between AT measurements, sex and age 
in this study should not be considered to be absolute, although they agreed with the 
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findings in many previous studies. A larger population size would be required before 
the finding can be extrapolated universally. This end can be more easily met as a 
quick study restricted to the LCM or IC level would allow a larger population to be 
studied to confirm the findings. 
Moreover, since the AT measurement was done retrospectively after the CT 
examination, height and weight on the day of CT scan were not available in many 
subjects. Normalised comparison of abdominal fat content between male and female 
subgroups was not possible, although a selected subgroup with male and female 
subjects with matched adiposity was available. 
9,5.2 Differentiation of compartments 
It was quite operator-dependent to trace out the visceral cavity. The control of 
computer mouse required practice. It was difficult to put a trace line perfectly along 






Chapter 10: Conclusions 
C h a p t e r 1 0 
CONCLUSIONS 
10.1 Absolute AT Content in Abdomen 
Fat accumulation is variable among the population. The volume of 
accumulation from the dome of diaphragm to pubic symphysis in this study 
population ranged from 1 litre to 16 litres of fat accumulation. The visceral fat depot 
ranged from h litre to 8 litres whereas for subcutaneous depot, it varied from Vi litre 
to 10 litres. 
The absolute abdominal AT volumes, both visceral and subcutaneous, 
are predictable from the AT area measurements from CT slice taken at the 
mid-abdominal levels (from lower costal margin to the iliac crest). The best 
prediction can be made by those at the level of lower costal margin, which is 
equivalent to the 3'^  lumbar vertebral level. The iliac crest level, which is equivalent 
to the 4th to 5th lumbar intervertebral level is also a good level for single slice 
prediction. 
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AT areas are variable among the selected anatomical levels. Both VAT 
and SAT deposition have their own trend and level of peak accumulation. The trend 
and peak of total fat (TAT) area measured in each slice are due to the combined 
effect of SAT and VAT depots . UMB and IC were usually the level where total fat 
is most abundant. IC was also the level storing most SAT. However, VAT was 
preferentially deposited in the LCM and MID level. 
Abdominal AT volumes are predictable from site specific linear VAT 
and SAT measurements. Best prediction to overall SAT volume can be made from 
SAT thickness at the lower costal margin level. VAT volume can be predicted by 
VAT thickness measured around the right kidney at the hilar level. These findings 
produce a good justification and prospect for a study on AT thickness measurement 
by the less expensive ultrasound method. The predictability of SAT volume from 
linear SAT dimensions was better than that of VAT volume from linear VAT 
dimensions. This likely reflects a greater variation in the configuration of VAT 
depot than that of SAT. 
Sex difference is shown in fat accumulation. h\ the sampled population, 
women are fatter than men. They have about 60% more SAT deposit and 20% less 
VAT depot than men. In male and female subjects with matched adiposity, women 
store fat preferentially into the subcutaneous compartment (about 70%); men store 
fat near equally in to the subcutaneous (about 55%) and the visceral compartment 
(about 45%). 
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The abdominal VAT depot increases with age. Men tend to have a linear 
VAT increase with age, while women have a non-linear one and the increase 
accelerated with age. The increase may be different among the various anatomical 
levels although it appears more obvious in the mid-abdominal region. However, this 
cannot be concluded in this study due to the small sample size. No association can 
be demonstrated between abdominal SAT deposition and age in this study 
population. 
10.2 Abdominal AT Distribution 
VSR and VTR are good representations of AT distribution. These 2 
terms have similar features, and relationship with other AT measurements. Either 
can be used for evaluation of fat distribution. 
VSR and VTR vary among the selected anatomical levels. These mean 
unique fat distributions through the anatomical levels in the sampled volume. 
Men have the highest value at the lower costal margin level while for women it is 
midway between the lower costal margin and iliac crest. 
Both VSR and VTR are not related to the abdominal overall fat volume. 
This means that fat distribution is not significantly related to abdominal 
adiposity. 
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The overall abdominal fat distribution is predictable from single slice 
measurement. The overall VSR and VTR can be excellently predicted from the 
measurement at the lower costal margin level. Good prediction can also be obtained 
from the iliac crest level. The best prediction is achieved from the data of both 
levels. 
Significant age difference is found in abdominal fat distribution. Both 
VSR and VTR increase with age. Similar to the findings in absolute fat content, men 
tend to have linear increases in VSR and VTR with age, while women have non-
linear ones and the increases are accelerated with age. 
Significant sex difference is also found in abdominal fat distribution. 
Both VSR and VTR are higher in men than in women 
Effect of Attenuation Interval 
The choice of attenuation interval can seriously affect the absolute 
amount of AT measured, but it has no effect on the choice of the best anatomical 
level for single slice measurement. The choice has no major effect on the 
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Comparison of study populations and scanning techniques 
in previous studies 
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1982 • 8 male iwatients • CT (400FOV, 256, 120kV, 50mA) 
Borkan GA et al • without gross abdominal disease • 7 slices ( lcm thick) in 2cm interval 
(a) • randomly selected (no criterion on | with mid-slice at umbilicus 
obesity) I 
1983 • 25 males, 25 females | • CT I 
Dixon AK • with normal CT abdomen scan • single slice at umbilicus (L4) 
(b, c) 
— — — .^...~ — 1984 • 50 males, 62 females • CT (140kV, 40mA) 
Grauer WO et al • without intraabdominal diseases, • 3 slices(lOmm thick), at mid 
(a，b) (exclusion from endocrine portion of L1，L3, L5 vertebrae 
metabolic disorders, 
corticosteroids or chemotherapy, 
long-term bed rest.) 
—• —... — — —......— 
1985 • 28 females • CT 
Ashwell M et al • exclusion from DM, endocrine • l slice (8mm thick) at L4 / 
(a’ b, e) disorders steroid therapy umbilical level 
• (as Borken GA etal.) 
" " ' ^ " " ~ " ' " " ' " " " ' ^ ' " " " " “ “ “ ••„• ‘ ^ — — — 
1986 • 62 males, 68 females “—‘ … 
Enzi G et al • for diagnostic purpose, without 




1986 • 8 females 1 • CT(120kV) 
1 i 
Kvist H et al • healthy volunteers • 22 slices (12mm thick) from hand ！ 
� to foot (arm above head) at defined 
levels. 
1987 • 71 males, 34females • CT(125kV, 350mA) 
Seidell JC et al • 1 slice (8mm thick) at L4-5 level 
(c, d, e) • (as Borken GA et al.) 
1988 • 96 subjects • CT (256, 125kV, 230-450mA) 
Baumgartner RN • from routine CT exam | • 6 slices (8mm thick), at levels of 
€“ i l • exclusion from abdominal 丨 [1] xiphoid 
(a, b, c, d) surgery, endocrine metabolic … ^. _^  I [2] mid-abd 1 (1/3 from [4]) disorders, cancer, ascites, } 
abdominal edema, etc [3] mid-abd 2 (2/3 from [4]) i ！ 
[4] IC 
[5] lower a b d ( l / 2 f r o m [6]) 
1 ！ 
1 [6] PS, upper border | 
- i I 
： I 1988 • 66 males, 34 females | • CT(125kV, 350mA) ! 
： i 
Seidell JC et al 丨• 1 slice (8mm thick) at L4-5 level ! 1 
(a, c, d, e) 
— 
1988 • 17 males, healthy volunteers • CT(120kV) 
) 
Kvist H et al • 9 females, colectomized or obese • 22 or 15 slices (12mm thick) from | 
(a b c) hand to foot (arm above head) at | 
I defined levels. j 
- — .i^  ( 
1990 • 7 healthy male volunteers | • C T ( 3 2 0 F O V , 120kV, 2 0 0 m A ) j 
i j 
Seidell JC et al | • 1 slices (12mm thick), at midway | 
� I between LCM & IC | 
1 • MRI (450FOV,IR, 300/820/20) | 
• slice same as CT 
1993 • 119females | • CT(125kV, 350mA) 
Armellini F et al | • 1 slice (8mm thick) at L4 level 
I (a, e) I • (as Sjostrom L et aL ) 
— …,.� ---.-‘—--— .”...— - — 
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1994 • 93 females (50 used to establish a 1 • CT(125kV, 350mA) 
, „. . ^ , predictive equation) 
Armellini F et al ^ ” | • 1 slice (8mm thick) at L4 level 
(a, e, 0 I • (as Sjostrom L et al.) 
1993 • 89 males, 75 premenopausal | • single slice at L4-5 
females Lemieux S et al | • (as Sjostrom L et al.) 
, � • free from metabolic diseases I (a, c, e) f -
1994 8 females | C T ( 1 2 0 k V ) 
I 
Chowdhury B et healthy volunteers | 28 (12mm thick) from hand to foot 
i 1 «A i (arm above head) at defined levels. i 
(a) ! 
1995 21 subjects (6 males, 15 females) CT (130kV, 200mA) 
Jensen MD et al. volunteers ！ 35 i2 s l i ce s (6mmin te rpo l a t ed to 
(d e) 10mm thick, 10mm interval), from top 
I of diaphragm to perineum 
I data at L2-3, L3-4, L4-5 noted 
*Purpose of the research: 
(a) to quantify the abdominal composition 
(b) to investigate whether a single slice provides an accurate prediction of overall abdominal 
adiposity (to generate a predictive equation of overall adiposity from a single slice measurement) 
(c) to investigate the sex difference in abdominal fat distribution 
(d) to investigate the age difference in abdominal fat distribution 
(e) to compare other methods of fat measurement with CT 




Comparison of definitions of attenuation interval of fat & 
anatomical compartments in previous studies 
^^ ^^ ^^ ^^ ^^ w^ ^^ w^^ w*w 
1982 • -250 to -50HU • the intraabdominal cavity was outlined 
Borkan GA et (mean=-126.5HU) along the transversalis fascia 
al • based on the sample 
} histogram 
I 
1983 1 • -150 to -50HU • the intraabdominal cavity was outlined 
Dixon AK I through the rectus abdominis and internal 
I I oblique muscle, through the quadratus 
I lumborum muscles, down the plane of the 
apophyseal joints to the mid point of spinal 
1 canal 
t 
i — ~t"~•“... r.— - - -
1984 ! • - 2 0 0 t o - 1 0 H U I • total AT: trace skin 
I ！ 
I 
Grauer W O et • based on mean 土 3 sd | • the intraabdominal cavity was outlined 
al (histogram-based volumetric | along the fascia transverse and excluding | 
analysis technique) the vertebral body | 
1985 • -150 to -50HU j • the intraabdominal cavity was outlined | 
Ashwell M et | through the rectus abdominis, internal | 
al oblique muscle and quadratus lumborum 
I muscles, i.e., retroperitoneal, mesenteric 
i and omental fat included 
1986 • -250 to -50HU 
j 
Enzi G et al 
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IMMOTIIHIBWMHHH9HHBWSI^ ^R^9P9P6HHISiRftdLv i^iL_j^ ^^Bk^^BBI^ BI^ ^^^HIi^ ^^^^^^^^ l^^ ^ l^ 
pSiBiiii—spEilii?^iiiilSB^ 
1986 • -190 to -30 HU (resultof • Subcutaneous AT: outlined the muscle 
Kvist H et al histogram-based analysis and wall of trunk in order to minimise the 
cadaver fat studies ) amount of AT lying on the line of 
separation (excluding vertebrae and iliac 
crest). 
f 1987 I • -150 to -50HU • the intraabdominal cavity was outlined 
Seidell JC et I • (refer to Borkan GA, Dixon t r o u g h the rectus abdominis, internal 
al I AK and Ashwell M) obHque’ quadratus lumborum and long 
I I back muscles 
I j • (refer to Grauer W O et al.) 
— ...U 
1988 • -200 to -50 HU • the intraabdominal cavity was outlined 
Baumgartner | • t heuppe r th re sho ldbasedon along the fascia transverse and excluding 
RN et al ！ the minima between peaks in � h e v rtebral body rib cage and muscles 
the histogram (PSoas，erector spinae, superficial on rib) 
• the retroperitoneal cavity was defined at 
the slice with the presence of kidney: 
I drawing 2 diagonal lines from the anterior 
I edge of IVC tangentially across the 
anterior aspect each kidney to their 
I intersection with the line c i rcumscr ib ing 
the intraabdominal cavity 
1988 • -150 to -50HU • the intraabdominal cavity was outlined 
Seidell JC et through the rectus abdominis and internal 
al I oblique muscle, through the quadratus 
lumborum muscles and the long back 
muscle —.-..•. — ——.— -'— - - — i 
1988 • -190 to -30 HU • thoracic and abdominal cavities were 
Kvist H et al outlined halfway through the muscle wall 
(excluding vertebrae) 
1990 • vary from individual to • the intraabdominal cavity was outlined 
Seidell JC et individual: -190 t o - 3 0 HU through the abdominal and back muscles 
, (fattest subject), -130 to -10 , , al • (refer to Seidell JC et al. 1987) HU (3 subjects),-125 to -15 � 
HU (3 subjects) 
• based on the adjustment on 
histogram analysis 
“ ‘ ..." 
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1993 • (refer to Sjostrom L et al. • (refer to Sjostrom L et al. 1986) 
A , r • n • 1986) Armellini F et 
al 
1994 • -190 to -30 HU I • total AT: trace skin I 
！ I i i 
Armellini F et • (refer to Sjostrom L et al. | • the abdominal cavity was delineated within | 
al 1986) I the muscle wall surrounding area 
• (refer to Sjostrom L et al. 1986 ) 
1993 • -150 to -50 HU • … 
Lemieux S et • (refer to Sjostrom L et al. • (refer to Sjostrom L et al. 1986 ) 
al 1986) 
1994 • -190 to -30 HU • total AT : cursor in air 
Chowdhury B • visceral AT: cursor kept in muscle or bone 
et al. wall (but inside the triangular fat pad at the 
linea alba) 
• intraperitoneal AT: an approximation of 
cursor outline the intestinal area came to 
an end (‘since peritoneum as such cannot 
be identified and since extra-peritoneal AT 
may also occur at the lateral and ventral 
aspects of the trunk 
• retroperitoneal AT calculated from 
visceral AT minus intraperitoneal AT 
—— — -— —— - — — _ 
1995 • vary from individual • visceral AT : erase the image exterior to 
Jensen M D et • upper limit: -68 土 7 HU | 出已 innermost abdominal wall muscles 
al. (mean +2 sd) | 
j 
• l o w e r l i m i t : - 1 4 9 i l 2 H U | 
j 
(mean -3 sd) | 
SW~sw*~w_s~ 一 〜 一 、 . � w _ � � — — —~_—~一一_一、一.一、~v>, . — — • ~—~w.->* — 
[Note] Subcutaneous AT was obtainedfwm calculation (total AT minus visceral AT in all studies),, 




Statistical summary of the adipose tissue measurements in 
this study 
[Note] The statistical data ofeach ATmeasurement are displayed in the following format: 
mean 土 standard deviation [minimum, maximum]. 
| 1 i i l | | H l i i i i i i ? » M ? f ! M i B — — ppiiifiii^ ^^ i^^ i^ i^ i^i^ ^ i^^ ^^^^^^ i^miMMMl6fcySLjf/i ^ ^Will^^^^MBBHIMHBitiilBliiMiyilimi 
Overall TAT volume VV 7 6 4 l i 3 9 7 1 [ 1 1 1 7 , 6830±4374[1117 . 1 8632±3439[3065 , | 
16399] 16399] } 12849] ’ | 
Overall SAT volume Ks 5041 +2800[541 , 10490] 3 9 8 1 ± M 0 1 [ 5 4 1 ’ 8 1 2 0 ] | 6 3 3 6 i M 2 6 [ 2 5 8 7 , j 
1 10490] ’ 
Overall V A T volume Vv 2600±1748 [478，8278] 2849土 2237 [575’8278] 2296土899[478，3461] 





TAT area at D O D Ar-noD 135±66[33 , 248] 112±58[33 ’ 224] 丨63±68[46，248] | 
— ―― ^ — — { 
TAT area at X I P Ar-xw 125土60[32 ’247] 109±62 [32,247] 144±54[53 ’231】 | 
TAT area at L C M Ar-LCM 207 土 120 [38, 528] 201 土 146 [38, 528] 215 土 85 [56’ 318] 
TAT area at M I D Ar-Min 256土125[44 ’535] 237土146[44 ,535] | 2 8 0士9 5 [ 9 3 ’ 3 9 3 】 
TAT area at U M B Ar-uMR 279 土 132 [47’ 562] 264 土 143 [45, 556] 318土 107 [123’ 458] 
>..….^ 一 • ••»•- •• •sw"~ —…—•"-•••'•• ••••，>-'• •"~"•""•••••"内"".-^v.-—."•—«"•— ...— — 
TAT area at lC Ar-ic 280 士 134 [45,556] 237 土 143 [45’ 556] 334 士 106 [ 129,458] 
TAT area at USI Aj-vsi 245土124[32 ’447] 197士120[32 ’447] 304土107[115 ’440] 
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H ^ ^ ^ ^ p ^ P j ^ j ^ P 3 3 ^ ^ P ^ ^ < ^ S ^ ^ ^ ^ J [ ^ ^ ^ ^ ^ ^ J ^ 
TAT area at LSI Ar-Lsi 
1_川_讓 __ill_iilWIMiKiW—iai—fliaKte»^ 
1 9 9 i l 0 0 [28,384] 
I i[ • i _ i w w a f w i i ^ i 
1 6 3 ± 9 8 [28’ 384] 2 4 3 ± 8 7 [ 1 2 5 , 353] 
TAT area at PS Aj-FS 1 9 7 ± 7 9 [39,341] 169±75[39，286] j 2 3 2 ± 7 4 [ 1 3 9 , 3 4 1 ] 
SAT area at D O D As-DOD 9 5土5 8 [6，i89] 7 0土5 0 [ 6 , 1 7 5 】 125士54 [35, 189] 
SAT area at X I P As-xip 8 2土5 0 [6, 178] 6 1土4 5 [ 6 ’ 1 5 7 ] 1 0 8 ± 4 5 [31’ 178] 
SAT area at L C M As-LCM 106土59[12，215] 83土51[12，丨66] 134土57 [51,215] 
SAT area at M I D As-M") 142土70 [22, 282] 
i 
117士64[22 ’207] I 1 7 3 t 6 7 [80, 282] 
SAT area at U M B As-UM8 180土92 [30, 365] 1 4 1 ± 7 4 [ 3 0 ’ M 8 ] I 228 ± 94 [30,365] 
SAT area at IC As-/c ! 9 5 ± 1 0 1 [26, 365] 150±86[26 ’ 311 ] i I 2 4 9 ± 9 5 [ 1 0 3 , 3 6 5 ] 
SAT area at USI As-asi 183土 100[17,368] 138±83[17，273] 2 3 7 ± 9 5 [ 1 0 0 ’ 3 6 8 ] 
SAT area at LS I As-isi 1 5 l i 8 2 [ 1 4 , 290] 111士《[14，208】 200 ± 79 [99, 290] 
SAT area at PS M-FS \ i 1 8 2 ± 8 0 [ 3 7 ’ 3 1 7 ] l 5 3 i 7 4 [ 3 7 , : Z 8 5 ] 217土76[125 ’ 317 ] 
I 
V A T area at D O D ^V-I)OD 4 0 ± 1 8 [12, 77] 4 2 ± 1 9 [ 2 2 ’ 7 7 】 I 3 8 ± 1 7 [12, 74] 
V A T area a t X I P Av-xip 43±17[22，91] 4 9土2 0 [ 2 2 ’ 9 1 ] 37 土 11 [22’ 54] 
V A T area at L C M AV'LCM 101±81 [5,362] 118土104[22，360】 i 8 1 ± 3 7 [5, 129] 
V A T area a t M l D ^V-MID 114±79[13，359] 120士99[20 ’359] I 1 0 7 ± 2 [ B ， 1 8 6 ] 
V A T area at U M B AV'UMR 98士63[17，305] 105土81[丨7，305] 9 0 ± 3 4 [ 2 6 ’ 146] 
V A T area at IC Ay.ic 86士51 [19, 244] 8 7土6 6 [ 1 9 ’ 244] 8 4土 2 6 [25’ 108] 
V A T area at USI Ay-usi 位 土 3 6 [9, 174] 59±46[9，174] I 6 6 ± 2 1 [15,92] 
V A T area at LS I Av-LSI 4 8士3 4 [ 1 4 ’ 175] « 土 4 5 [ 1 4 ’ 175] I 43 土 14 [25, 64] 
V A T area at PS 
i 




A V A T area at D O D AAV-I)Ol) \ 1 5 ± 1 0 [ 2 ’ 46] 14±9[2，27] 
r 
I 1 7 ± 1 3 [7, 46] 
A V A T area a t X I P 
'1 




Overall VSR 5o |o.59±0.35[0.18，1.49] 0 .75土0 .37[0 .38’1 .49] | 0 . 4 0 ± 0 . 2 0 [ 0 . 1 8，0 . 8 6 ] 
J X..... 
VSR at D O D 5oo/) 0.80 士 1.04 [0.21, 4.59] 0.20 土 1.29 [0.26, 4.59] | 0.32 土 0.08 [0.21, 0.43] 
VSR at X IP 5x/f 0 .91±1.00[0.26 ’4 .63] 1.35士1.19[0.33’4.63] j 0 . 38±0 .14[0 . 26 ’ 0 . 73] 
VSR at L C M 5z,cw 1.07士0.73[0.11’3.10] 1 .43±0.77[0.58’3 .10] 0.61土0.31[0.11’1.15] 
VSR a t M I D Sw") |0 .85±0 .54[0 .16 ’2 .04] 1.02土0.58[0.44，2.04] 0.66土0.43[0.16’1.57] 
VSR at U M B 5vMB 0.58土0.30[0.19，1.42] 0.71土0.33[0.38’1.42] l 0 . 43±0 .19[0 . 19 ’ 0 . 70 ] 
VSR at IC 5/c 0.49±0.26[0.19’1.11] ().59土0.27[0.30，1.11] 0.38土0.20[0.19’0.85] 
VSR at USI 5us/ 0.40土0.22[0.15’（)_92] 0.47土（).25[0.16’0.92] 0.31土0.17[0.15’0.70] 
VSR at LSI 5is, 0.39土0.25[()丄3’1.00] 0 .50土0 .27[0 .26 ’1 .00] 0 .24土0 .10[0 .13 ’0 .44] 
VSR at PS 5/-s 0.10±0.09[0.00，0.28] 0 .11±0.09[0 .00 ’0 .28] 0 .08±0.09[0 .00 ,0 .23] 
Overall VTR A^ 0.35土0.12[().16，0.60] 0 .41土0.11[0.27’0 .60] 0 .27±0.09[0.16’0 .461 
VTR at D O D A/)o/) 0.35 土 0_19 [0.18’ 0.82] 0.44 士 0.21 [0.20, 0.82] 0.24 士 0.04 [0.18’ 0.30] 
V T R a t X I P Ax,P 0.40士0.17[0.20’0.82] 0.51土0.16【0.25’0.82] | 0 . 2 7 i 0 . 0 6 [ 0 . 2 0 , 0 . 4 2 ] 
VTR at L C M A^cw 0.47士0.16[().10，0.76] 0.55士0.12[0.37，0.76] i 0 .36土0.13[0.10’0 .53] 
VTR at M I D Aum | 0.42土0.14[0.14’0.67] 0 .47土0.13[0.31’0 .67] | 0 .37±0.14[0 .14 ’0 .61] 
VTR at U M B d ^ _ |0.35土0.11[0.16 ’（).59] 0.40士0.10[0.28’0 .59] 0 .29土0.09[0.16’0 .41] I 
V T R a t I C A/c |0 .31±() .11[0 .16 ’0 .53] 0 .35土0.10[0.23’0 .53] 0 . 2 6 i 0 . 0 9 [ 0 . 1 6 , 0 . 4 6 j 
VTR at USI Ausi |0 .27土0 .11[0 .13 ’0 .48] 0 .30±0.11[0 .14 ’0 .48] 0 .23±0.08[0 .13 ’0 .48] 
V T R a t L S I A^s, 0 .26土0.11[0.11’0.50] 0 .32±0.11[0 .21 ’0 .50] |0 .19±0 .11[0 .21 ’0 .50] 
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